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THIRTY-FIFTH YEAR, 1896-97. 





TuuRspDAy, October 8, 18096. 

THE 488th regular meeting of the Society or Arts was held this 
day at the Institute at 8 p.m., the President in the chair. 

The record of the previous meeting was read and approved. 

Messrs. Louis F. Cutter, of Winchester, R. R. Taylor, of Tuske- 
gee, Alabama, Frank M. James, of Haverhill, Horace. J. Howe, of 
Medford, Charles H. Chase, of Medford, and Frank Vogel, of the 
Institute, were duly elected Associate Members of the Society. 

The following papers were presented by title: 

“ Hydrolysis of Ferric Chloride,” by H. M. Goodwin. 

«An Improvement in the Sedgwick-Rafter Method for the Micro- 
scopical Examination of Drinking Water,” by D. D. Jackson. 

“Experience with the Sedgwick-Rafter Method at the Biological 
Laboratory of the Boston Water Works,” by G. C. Whipple. 

“Instruction in Theoretical Chemistry,” by A. A. Noyes. 

“Origin of Pegmatite,’ by W. O. Crosby and M. L. Fuller. 


“Determination of Reducing Sugars in Terms of Cupric Oxide,” 
by George Defren. 
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“The Viscosity of Mercury Vapor,” by H. M. Goodwin and A. A. 
Noyes. 

Before introducing the speakers of the evening, the President 
made a few remarks calling attention to the recently issued double 
number of the TECHNOLOGY QUARTERLY and to the excellence of 
the work of the Institute as refleeted in its pages, especial mention 
being made of the Results of Tests Made in the Engineering Labora- 
tory and of the Review of American Chemical Research. 

Professor William T. Sedgwick then read a paper on “The Milk- 
Supply Problem.” The value of milk as food was first spoken of, and 
then the process by which a large city is supplied was described in 
detail. The difficulties in the way of cleanliness and the danger of 
infection were pointed out. The mixing of milk by the dealers was 
declared to be the worst feature of the system in Boston, owing to 
the greatly increased chance for the spread of infection. Pasteurizing 
was suggested as a partial solution of the problem of pure milk sup- 
ply of large cities. 

Mr. Samuel C. Prescott then read a paper, of which he is joint 
author with Mr. W. Lyman Underwood, on “ An Investigation of the 
Causes of Spoiling in Certain Kinds of Canned Foods.” The authors 
found eight species of bacteria in spoiled cans of lobster and clams. 
It was found by experiment that the old method of heating in the 
water bath was not sufficiert to insure sterilization of cans inoculated 
with these bacteria, but heating in retorts with steam under fifteen 
pounds pressure, giving a temperature of 250° F., was always suc- 
cessful. Specimens of several of the species were exhibited, together 
with both good and spoiled cans of clams and lobster. , 

The President thanked the speakers for their very interesting 
papers, and the Society adjourned. 





TuHurRspDAY, October 22, 18096. 
The 489th meeting of the Society or Arts was held at the Insti- 
tute this day at 8 p.m., Mr. Blodgett in the chair. 
The record of the previous meeting was read and approved. 
There being no further business, the President introduced Profes- 
sor E. B. Homer, of the Institute, who read a paper on “A Bicycle 
Tour Through Surrey, Normandy, and Touraine.” The paper was an 
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account of the excursion made by the Summer School of Architecture 
of 1896. The students under the direction of Professor Homer, 
traveled on bicycles through the countries named and made sketches 
and photographs of the many interesting works of architecture upon 
their route. The lecture was illustrated by over a hundred views 
made from photographs taken by members of the party. The paper 
is published in full in the present number of the TECHNOLOGY 
QUARTERLY. 


The Chair thanked Professor Homer for his very interesting paper, 
and the Society adjourned. 





Tuurspay, November 12, 1896. 

The 490th meeting of the Society or Arts was held this day at 
the Institute, President Walker in the chair. 

The record of the previous meeting was read and approved. 

Messrs. Louis J. Schiller, of Boston, and J. P. B. Fiske, of Auburn- 
dale, were duly elected Associate Members of the Society. 

The Society then proceeded to the consideration of the paper of 
the evening “On the Scientific work of Last Summer’s Expedition 
to Umanak Fiord, West Greenland,” by Professor A. E. Burton and 
Assistant Professor G. H. Barton. 

Professor Burton spoke of the general plan of the expedition. He 
described the apparatus used in making the pendulum and magnetic 
observations, and the stations in which they were set up, such stations 
being established at several points on the coasts of Labrador and 
Greenland.1 The motion of the ice in the Karajak Glacier was 
studied. A thermaphone made especially for the expedition by Mr. 
A. M. Ritchie was used for the determination of the temperature of 
deep crevasses, and proved to be very serviceable. A trip on the 
inland ice was described, and the speaker closed with a comparison of 
the natives of Greenland with those of Labrador. 

Professor Barton spoke briefly of the geological work of the expedi- 
tion. No evidence of present waning of the ice sheet could be found. 
The crevassing of the glaciers extends far back into the inland ice. 
This, with the vertical edges of the ice cap, makes the approach to the 
inland ice very difficult. Ample evidence was obtained that the ice 
sheet had extended at some former period much farther than at 





See this volume, pp. 56-132. 
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present in Greenland, and evidences of glacial action were observed 
also in Labrador. 

At the close of Professor Barton’s remarks the President thanked 
the speakers, and the Society adjourned. 





WEDNESDAY, November 18, 1896. 

A special joint meeting of the Society oF Arts, with the Boston 
Society of Civil Engineers was held this day in Chipman Hall, Tre- 
mont Temple, with Professor Swain, President of the Society of 
Civil Engineers, in the chair. 

There being no business, the President introduced Mr. E. L. Cor- 
thell, of New York, who read a paper on “The Tampico Harbor 
Works, Mexico, with some remarks upon the Mouth of the Missis- 
sippi River.” 

Mr. Corthell began by referring to a paper that he had read ten 
years ago before the Society oF Arts, and he reaffirmed his opinion 
that the Edes Tehuantepec ship railway is practicable. He then spoke 
of the importance of Tampico as a seaport, and of the hindrance to 
its development caused by the dangerous bars at the entrance to its 
harbor. In this connection he described the country through which 
the railroad had been built from the Mexican Central Railroad to 
Tampico, and paid a high tribute to the daring and skill of the 
engineers who constructed it. Turning to his own work at Tampico, 
Mr. Corthell described the harbor works, and the method of their 
construction. The works consist of two jetties, 1,000 feet apart, 
running parallel for a mile and one third into the Gulf of Mexico, 
one from each side of the mouth of the Rio Panuco. The first 
operation in the construction of the jetties was to build a double 
track railroad trestle along the line of each jetty. From these 
trestles the mattresses composing the jetties were sunk. The mat- 
tresses were peculiar. They were built while suspended under the 
trestle, above the reach of the waves. They were 60 feet long, 84 
feet wide, and about 7 feet thick. First a strong frame was con- 
structed, then the brush was added, and then when all was firmly 
bound together, the mattress was lowered to the surface of the water, 
and quickly sunk by stones dumped from cars upon the trestle. The 
slopes of the jetties were steeper inshore, and more gradual further 
out. The effect of the jetties was seen very soon in the deepening 
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of the channel, and the disappearance of the dangerous bar. In clos- 
ing, Mr. Corthell spoke of the beneficial effects of the Mississippi 
jetties, and of the danger which now threatens those works from their 
being out of repair. The paper was illustrated with many beautiful 
lantern views. 

At the close of the paper Professor Swain thanked the speaker in 
the name of the two societies, and the meeting was adjourned. 





Tuurspay, December 10, 1896. 

The 492d meeting of the Society or Arts was held this day at 
the Institute, Mr. Blodgett in the chair. 

The records of the last two meetings were read and approved. 

The Secretary read a letter from the Pasteur Monument Commit- 
tee of the United States, asking the codperation of the SociETy oF 
ArTs in its efforts to obtain subscriptions for the erection of a monu- 
ment to Pasteur in Paris. 

The chair then introduced Mr. Henry C. Mercer, Curator of the 
Museum of American and Prehistoric Archeology in the University 
of Pennsylvania, who read a paper on “Cave Hunting in Yucatan.” 
The speaker began by showing how caves furnish the key to the state 
of culture of prehistoric people, and then spoke of the country and 
present inhabitants of Yucatan, and of the remains of former civili- 
zation there. The caves of Yucatan differ from those formerly inhab- 
ited by man in Europe and North America, in that they open from the 
top. They probably would not have been inhabited if it were not 
that they often contained the only supply of water. Excavations in 
over twenty caves led to uniform results. The stratum forming the 
floor of the cave is about a foot thick, and was found to contain 
fragments of charcoal, pottery, and bones of recent animals. The 
red earth under this contained some remains of animals, but excava- 
tions through to the solid rock beneath showed no trace of the pres- 
ence of man. The prehistoric culture of Yucatan was not developed 
there, but came from abroad. At the close of the paper Mr. Mercer 
showed a large number of views of caves in Europe, the United States, 
and Yucatan. 

The President thanked the lecturer for his very interesting paper, 
and the Society adjourned. 


RosertT P. BiGELow, Secretary. 
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THE SUMMER SCHOOL OF ARCHITECTURE FOR 1896 IN 
SOUTHERN ENGLAND, NORMANDY, AND TOURAINE. 


By ELEAZER Bb. HOMER, S.B. 


Read October 22, 1896. 

As the great steamer Cestrian backed slowly from the East Boston 
pier the Technology yell awoke the echoes among the wharves and 
elevators, and for a time rivalled the deep voice calling for right of 
way into the harbor channel. The first section of the M. I. T. Sum- 
mer School of Architecture had at last started on its way across the 
Atlantic, and its one thousand miles of bicycle travel in Europe. 
A new departure for American schools was being attempted, and ex- 
cellent results were expected from the proposed combination of study 
and healthful exercise. But only in the method of moving the party 
of students from town to town, was the attempt a new one. 

The making of short excursions to interesting buildings and towns, 
has long been considered an essential part of an architectural student’s 
education. Years ago, when books were few and methods of photo- 
graphic reproduction unheard of, technical knowledge could only be 
acquired through personal visits to existing buildings, and through 
laborious efforts, with pencil or brush, in transferring upon paper the 
student’s impressions of the masterpieces of architecture. 

To-day the necessity for travel and close observation does not 
seem, at first sight, as imperative as in times gone by; for the foreign 
masterpieces are now brought within the reach of every one, through 
our public and technical libraries and the modern processes of illustra- 
tion. The careful examination of books and photographs alone, how- 
ever, gives only a limited idea of the true appearance of a building, 
for the more or less correct representation upon paper necessarily 
fails to express the real values of scale, broad surfaces, and detail, 
values that can only be understood by inspection of the buildings 
themselves. 

The Summer School of Architecture was accordingly established 
at the Institute, in order that its work might supplement the regular 
winter courses. This out-of-door study has proved to be of the great- 
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est value, for, aside from the spirit of good fellowship that always 
adds so much to the pleasure of the traveler, one learns to appreciate 
architecture as it exists in solid form, and soon gains a clear idea of 
the relative proportions and importance of the works visited. 

In past years the summer work has been confined to the study of 
buildings and details of the Colonial architecture of our New England 
States. We possess much that is original and beautiful in the simple 
dwellings of our old seaport towns, and as these buildings are rapidly 
disappearing we have made an attempt to preserve at least a small part 
of the best material by means of measured drawings, sketches, and 
photographs. But such study, although of great benefit, has hereto- 
fore been mainly limited to wooden buildings of comparatively small 
size, and does not give the broad knowledge of style that all students 
of architecture should possess. The history of Architecture includes 
the buildings of America, as the application of* older forms to the new 
conditions of a new country. As such, our American work cannot be 
perfectly understood until one has become at least partially familiar 
with European architecture. 

An important step, therefore, was taken last spring when it was 
decided to change the scene of our summer’s work from New England 
to a limited section of France, and to supplement the winter’s indoor 
studies by an excursion among the interesting buildings of the south 
of England, of Normandy, and Touraine. 

Our party included twenty students from the third and fourth 
year classes, in charge of two instructors. The journey was made 
on bicycles, partially on account of the expense of railway travel, but 
principally in order to afford an opportunity for intimate acquaintance 
with local architecture. By this means a little over 950 miles were 
covered during our fifty days on land, and much was seen that is not 
revealed to those who travel bv rail alone. 

The route was arranged to include the principal towns of Normandy 
and Touraine, two of the most interesting architectural sections of 
France, while a short excursion in England was planned in order to 
give a comparative view of the architecture of the two countries. De- 
tailed maps, covering the proposed route, were imported early in May, 
and the selection of the roads from town to town, with the plotting of 
the route upon the English Government Ordnance maps and the 
thirty-nine sheets of the Carte de la France, consumed quite a little 
time in the way of preparation. These maps were taken with us, and 
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through their assistance the selected route was followed with very little 
difficulty or need for variation. 

We were unusually fortunate in having only a few days of bad 
weather, so that engagements made with hotels were kept without 
a break throughout the entire trip. Good hotel accommodations for 
a party of twenty-two can be obtained in few towns without due warn- 
ing of from two to ten days, but the advance letters sent to all hotels 
from America, and the telegrams despatched a few days before our 
arrival, not only secured as comfortable quarters as could be had, but 
also insured much lower rates than the regular charges for transient 
guests. It was not possible, however, to obtain room for the entire 
party on one steamer, so the first section sailed from Boston June 3, 
on the Leyland freighter Cestrian, and the second section, June 6, on 
the Gallia, of the Cunard line. 

Both parties traveled by rail to London, where the actual wheeling 
tour began, and Liverpool, Chester, Shrewsbury, and Oxford were vis- 
ited on the way. Every one visits Chester, and the city is so accus- 
tomed to receiving Americans that its buildings have a prosperous and 
ready-for-visitors air that suggested the intentionally picturesque 
appearance of the World’s Fair Plaisance. It being Sunday, we 
seemed to meet all the young people of the town during our morning 
walk around:the walls, but in the afternoon the beautiful choral service 
in the old cathedral gave us an entirely different impression of the 
modern life of the town. 

Shrewsbury, also, possesses much of its old-time half-timber archi- 
tecture, which does not offend by the presence of too much fresh paint, 
and therefore seems older and more attractive than the more ambitious 
buildings of Chester. The hill on which the old town is built is sur- 
roundéd on three sides by the picturesque Severn, and along its shores 
the great rows of lime trees form promenades that far excel those of 
the famous English gardens at Rambouillet, or any others that I have 
seen of similar character. We were comfortably housed at The 
George, and after our evening tramp through the old part of the town, 
were well satisfied that our quarters were quite superior to those 
offered by either the String of Horses Inn or The Headless Woman, 
although these houses displayed signs of far greater antiquity. 

At Oxford, all the students were particularly charmed by the quiet 
dignity of the college buildings, but, much to our regret, our short 
stay only gave us a glimpse of the outward side of English college life. 
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Meanwhile, our American bicycles had been journeying by steamer 
directly to London, where, after five days of interesting but tiresome 
sightseeing, the wheels were unpacked and put together. Bundles of 
wearing apparel and drawing and photographic materials were then 
securely strapped on, and all was ready for the start. The morning 
of the 19th saw the party on board one of the Thames steamers en 
route for Putney. This proved to be a good way of leaving the city, 
as the busy London streets were avoided, and we began riding in com- 
paratively open country. 

On this first day, lunch was obtained at Kingston'on Thames, and 
Hampton Court Palace was visited. After looking through the great 
palace, its extensive picture galleries and gardens, sketches were made 
of interesting doorways, chimneys, and bits of brick detail. It was 
found that permission to sketch should have been obtained from the 
Board of Public Works in London, but the courteous superintendent of 
the palace gave permission for outside sketching, also accompanying 
the party to the old Cardinal Wolsey kitchen, and the famous tennis 
court, pointing out many interesting things that we should not other- 
wise have seen. 

Before leaving Hampton Court a photograph was obtained of 
eighteen of the twenty-two members of our party, the enlarged 
photograph on page 8, giving a very good idea of the way in 
which we traveled and the amount of baggage carried. It is particu- 
larly pleasant to look back to this picture, taken on our first day out, 
for it shows that all the members at one time possessed coats, bicycle 
lamps, and a few other things that were afterwards discarded. It is 
also unique in that it shows thirty-six American tires without a sin- 
gle puncture. Six days after, we counted ten punctures on one tire 
alone. . 

On this and the following day we traveled over the famous old 
Portsmouth coaching road, leaving it after passing Guildford, to make 
a side trip to the little Norman church at Compton. At Guildford we 
climbed the steep incline of the High Street, passing under the great 
overhanging clock of the Town Hall, and visited Archbishop Abbot’s 
Hospital, a building similar in style to much of the brick work at 
Hampton Court. We enjoyed our rest in the ancient dining room or 
kitchen, seated around an old tradesman who told us stories of the 
customs of the place. Tempted by the good coast down High Street, 
we rode too far down, and then climbed the wrong hill in search of 
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Guildford’s old Norman castle, now situated in the public garden of 
the town. The ancient keep of the castle rises about seventy feet 
above the surrounding ruins, and is built of regular courses of herring- 
bone work, flints, and sandstone that can all be clearly identified. 
After a time, finding the right way out of town, we passed through a 
delightful bit of English country, bowling along over splendid roads 





HIGH STREET AND Town HALL, GUILDFORD. 
Photographed by E. B. H. 


until the cobblestones of Godalming were reached. All the way along 
the route we passed picturesque cottages, thatched and half-timbered, 
that repeatedly tempted our amateur photographers. A comfortable 
night at the hospitable Angel at Godalming closed our second day. 
The following morning sketches were made of the picturesque court- 
yard of the inn, our landlord’s strawberries duly appreciated, the Town 
Hall visited in company with the senior alderman of the town, and 
then wheels were brought out for the ride to Compton, Elstead, and 
Waverley Abbey, on the way to Farnham. 
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The little church at Compton possesses a particularly interesting 
Norman interior, and we secured a few sketches of capitals, and pho- 
tographs of the primitive timber roof. The kind old lady who showed 
us the church could not understand why we did not know her son who 
had gone to America, but at last, finding that he was located some- 
where in Kansas, we tried to explain a little United States geography, 





THE VILLAGE CHURCH, COMPTON. 


but with only indifferent success. After our lunch at Elstead, where 
our landlord of the Golden Fleece, who also dealt in grain, hay, and 
coal, personally waited on table in his shirt sleeves, we climbed the 
long grade to Crooksbury Common, and, later on, descended into the val- 
ley of the River Wey, stopping to visit the ruins of Waverley Abbey. 
The remaining walls of the abbey are scattered over broad meadows, 
in which the haymakers were busy at the time of our visit, and show 
that the ancient Cistercian monastery must have been very extensive. 
Little now remains, although the vaulting under the chapel is still in 
fairly good condition. 

Our way for the next day ran almost parallel with the Alton 
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branch of the London & Southwestern Railroad, and, as expected, 
passed through open, rolling country quite in contrast to the pictur- 
esque portion of Surrey just passed. But at the village of Chawton 
we had a diversion, and cameras were brought out to photograph a lit- 
tle Italian boy and lively monkey. The thatched roofed houses of this 
village were particularly attractive. Taking the wrong fork of the 





OLD AND NEW TRUSSES OVER THE NAVE OF WINCHESTER CATHEDRAL. 


Photographed by E. B. H. 


road, we had to inquire our way of one of the bright little fel- 
lows of the village school just out for recess, and then journeyed or: 
through Abbotsford and the Worthy’s, down the beautiful valley of 
the winding Itchen, until toward evening we rode into the ancient 
town of Winchester. 

The following morning we visited some of the buildings of the 
famous old town, and, after looking through the cathedral, were partic- 
ularly fortunate in obtaining permission to climb the long ladder lead- 
ing to the nave roof, where the obsolete form of roof truss is being 
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replaced by a stouter modern construction. The old roof does not all 
date from the eleventh century, but the great tie beams, upon which 
the two men are sitting, have been retained from the earlier truss 
work of the time of William the Conqueror, and will be carefully pre- 
served in the new roof. As they are too short for the present form of 
truss, and are also worm-eaten and decayed at the ends, only the mid- 
dle part of solid wood is to be saved. Bits of the old oak and the 





DouBLE ARCH AT St. Cross HosPiIraL CHURCH, WINCHESTER. 


large wrought-iron rails that fastened the lead covering were quite in 
demand by members of our party, but few relics survived the Nor- 
mandy hills and fewer still are now treasured in America. 

As we walked through these trusses, above the great recesses of 
the fourteenth-century stone vaulting which forms the true ceiling of 
the interior, we could hear the organ beginning the morning service, 
and therefore had to descend long before we had finished our notes 
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and researches. We had intended to spend more time in this city, 
but an extra day in London had to be made up by cutting at Winches- 
ter, so we were obliged to leave without doing it justice, as far as sight- 


seeing was concerned. But we remember very pleasantly our stop at 


St. Cross Hospital, founded 1136, just outside of Winchester, where, 
after entering the quiet quadrangle, surrounded by the houses and the 
church buildings, we were shown through the church by a delightful 
old gentleman, one of the thirteen old men who live at the hospital. 
The church has remarkably rich late Norman decorations in the 
interior and also has a unique double arch in an angle at the rear. 
As can be seen, the original doorway under this arch is now filled in. 
The attractions here were so great that we arrived at Romsey at quite 
alate hour. After an unsatisfactory dinner, we spent a short time at 
Romsey Abbey, then some of the party took train for Salisbury, while 
the others, with a strong wind behind, quickly covered the eleven-mile 
ride to Southampton. 

Taking the night boat from Southampton across the Channel, we 
found, after a quiet passage and good night’s rest, that we were well 
into the harbor of Havre, and by eight o'clock we were all through the 
custom house and searching for breakfast. Our party attracted much 
attention at Havre, and we were all kept busy answering questions 
while waiting for money and letters. 

Our English Cyclists’ Touring Club badges served us well at Havre, 
for, after showing them, we were permitted to pass the custom house 
without any question as to duties. We also found in England that 
the Touring Club discounts were readily given at all the hotels, and 
that our tickets made quite a saving in our daily expenses; in some 
cases as much as twenty-five per cent. on the regular rates. 

But trouble had already begun with our bicycles, as our American 
tires were not heavy enough to stand the flint roads. For this reason 
our first few days’ riding in France was absolutely discouraging. In 
spite of the splendid surfaces of the roads so many flints were encoun- 
tered that among our twenty-two men we counted thirty punctures 
during the four days’ riding between Havre, Rouen, and Lisieux. 
Only a few of the party escaped without striking the sharp flint edges. 
In fact, several new tires had to be ordered from Paris, for some of the 
old tires were beyond even the most careful treatment. But shortly 
after leaving Lisieux we were thankful to find that the flints had dis- 
appeared, and we only encountered them again as we neared Paris. 














The Summer School of Architecture. 17 


Stopping at noon on our first day in France at Lillebonne, we 
were surprised to see the extent of the Roman theater and to find that 
so much of the Roman masonry remains in apparently good condition. 
On the opposite side of the theater one of the arches still stands, the 
restored portion on the right clearly showing its construction of tile 
and rubble work. After mounting the steep side of the valley 
through which the River Bolbec flows we traversed the rolling upland, 
following an excellent third-class road. Here, on the steep, winding 
descent to Caudebec, the first bad tumble occurred, one of the men 
failing to make a three-quarter curve because of too much speed, but 





ARCH IN KOMAN THEATER, LILLEBONNE. 


Photographed by E. B. H. 


fortunately no bones were broken. A new rim was fitted on over 
night and all was right again in the morning. 

Caudebec is exceedingly quaint, having many little crooked streets 
and old timber houses, but its church rises above the architectural 
level of the other buildings and is an excellent example of the rich 
flamboyant style. After breakfast we watched the “ Mascaret,” the 
great tidal wave, sweep up the Seine; and then, with the genial pro- 
prietor of the Hotel de la Marine as guide, rode out to St. Wandrille 
Abbey, where we saw many bits of late Gothic and Rococo architec- 
ture under the guidance of a courteous and well-informed priest ; then 
on to Jumiéges Abbey, whose magnificent arches and masses almost 
overpowered us. Jumiéges, founded in the 7th century, is one of the 
best examples of the early heavy Norman style, and one rarely finds 
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such an imposing group of ruins. Returning over the branch road 
about three kilometers, we followed the main road around a wide bend 
of the Seine, and at last came in sight of the abbey towers of St. 
Georges-de-Boscherville. There we spent some two hours sketching 
and studying the interior of the church. This is a fine example of 
late Norman design and construction, but, as with all the recently re- 
stored churches in France, the interior seems a little cold because of 
the. freshness of the stone and too great care in jointing the stone- 
work. We arrived near Rouen just before sunset, in time to have a 
magnificent view of the entire city, with its great amphitheater of sur- 
rounding hills, from the heights of Canteleau. 

Rouen was crowded, in preparation for the great horse races that 
were to be held the next Sunday afternoon, but good accommodations 
were found at the Hotel de France on the quay. As expected, it was 
impossible to do any drawing here, for there was so much to be seen 
during our short stay that our time was fully occupied in tramping 
about the city and trying to appreciate the rich Gothic and Renais- 
sance architecture for which Rouen is so justly famous. St. Ouen 
impressed all by the magnificence of its south transept, rich lantern, 
and grand interior. The trip around the triforium and over the roofs 
was particularly interesting, the unconsciously mysterious and impres- 
sive manner with which our guide pointed out the beauties of the 
building adding greatly to our enjoyment. 

Our ride to Elbeuf, Brionne, and Bernay proved to be a hard day’s 
journey. We crossed several rivers and the hills lying between, but 
notwithstanding many punctures and consequent delays, we all arrived 
in time for dinner. After sipping our coffee and singing songs in the 
court of the hotel, all were glad to retire early. 

Lisieux was reached on the following day, and there we remained 
for two days, making sketches of the old timber houses and of the 
interior of the cathedral. This quaint town is full of woodwork of 
the fourteenth to sixteenth centuries, and one cannot walk in any 
direction near the Grande-Rue without finding splendid examples of 
the carpentry of this period. One well-known house in this street is 
particularly attractive, and has the reputation of drawing a sketch from 
every artist or architect who visits the town. It is needless to say 
that we all felt its influence. The most picturesque street is, perhaps, 
the Rue au Fevres, where we found the famous “ House of the Sala- 


mander,” built in the time of Francis I, and having the richest carved 
front in the town. 
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OLp HousE, GRANDE-RUE, LISIEUX. 


On leaving Lisieux we arranged to lunch at the village of Creve- 
coeur, but arriving there we found a village fair in full swing and the 
hotel unable to accommodate all its patrons. After two hours’ patient 
waiting we at last obtained a miserable lunch and departed firmly re- 
solved to make future arrangements only in the larger towns, for even 
a village fair loses its attractions when one is really hungry. 

The excellent road leading to Caen was then passed over in the 
face of a hard head wind, the last member of the party arriving just 
in time to escape the heavy rain that continued all that night and the 
next day. This is a very good example of the national roads of this 
section (see next page), for though running for miles through the 
open country they are kept in perfect condition, the surfaces being 
even superior to many of our park roads, Our day at Caen was wet 
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| and uncomfortable, but while sketching in the interior of the church 
of the Abbaye aux Dames the morning passed quickly. St. Nicholas, 
of the eleventh century, and St. Stephen, built by William the Con- 











ON THE NATIONAL ROAD BETWEEN LISIEUX AND CAEN. 
Photographed by E. B. H. 


queror, were visited, and notes made in St. Stephen of the peculiar 
sexpartite vaulting of this transitional period. 

St. Nicholas is now used as a government storehouse for hay and 
grain, and visitors are not admitted ; but it was found that a franc used 
in the right way removed all barriers. In the same city the ruined 
Old Church of St. Etienne is also now turned into a storehouse, and 
many fine bits of stone detail are deposited there for the Caen Anti- 
quarian Society. Several drawings of these fragments were secured 
during the time it was necessary to remain under cover. The delicate 
late Gothic apse of St. Sauveur is one of the most graceful Gothic de- 
signs with which I am acquainted, but it is only one example taken 
from many beautiful and impressive buildings that enrich this Norman 
city. 
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We finally started for Bayeux with clearing skies, and after a de- 
lightful run along the by-roads leading to the villages of Norrey and 
Audrieu, a little south of the main road, spent the night in the city 
still famous for its old tapestries. At Bayeux we changed our daily 
program, deciding to do our sketching in the morning and ride in 
the afternoon, as the fatigue of riding prevented the best work. This 
arrangement was followed for the next few days, and St. L6, Cou- 
tances, Granville, and Avranches were in turn visited, the distances 
between these towns requiring only a small part of each afternoon. 

The Fourth of July was spent at St. L6, and there on the Place in 
front of the cathedral, high above the city, we sang patriotic songs by 
the light of a small bonfire of straw and leaves and tried to think that 
we were helping America celebrate her noisy day. 

All eyes were now turned toward Mont St. Michel, and we hoped 
to see the great rock from the top of the cathedral at Coutances, but 
as the horizon was hazy the first glimpse was obtained two days later, 
as we passed over the hills at Genets on the northern shore of the bay 
on the way to Avranches. We could, however, see Granville from the 
top of Coutances Cathedral directly over the tower of St. Pierre, and 
late in the afternoon, after a quick ride over excellent roads, we ar- 
rived in time to take a refreshing afternoon bath in the blue waters 
of the Atlantic. 

At Mont St. Michel, after wheeling along the causeway and pass- 
ing the gauntlet of hotel criers, we were comfortably housed at the 
Poulard Ainé, taking the whole of the Maison Blanc for our quarters. 
A delightful two days was spent in this famous place. Thanks to our 
permits from the French Government, the keys of the monastery were 
given us and we could wander at will from the dark dungeons cut in 
the solid rock to the rich flying buttresses of the Gothic church. 
Sketches were made in the Salle des Chevaliers, and during the quiet 
afternoons many bits of picturesque stonework were transferred to the 
drawing paper. In the evenings long walks were taken on the sands, 
as it was the season of low tides. The magnificent effects of the 
setting sun on the ancient walls, and the glorious views of the sunsets 
from the walls themselves, will long be remembered. Mont St. 
Michel was a climax to which we had unconsciously looked forward, 
and our parting cheer for the Poulard Ainé closed a very pleasant sec- 
tion of our summer trip. 

The country south of this resting place is, for architectural stu- 
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dents, somewhat bare and uninteresting. With the exception of occa- 
sional bright spots it was passed over without incident. Fougéres 
possesses an enormous castle of which the outer walls alone remain ; 
but its high walls and numerous towers, and the surrounding old por- 
tions of the town, are very picturesque. The greater part of the 
medizeval walls are now destroyed, but in the lower part of the city the 





HaLL OF THE CHEVALIERS. Mont Sr. MiCHkL. 


old gate is one of the few remaining fragments of this ancient and 
strongly fortified town. 

But as a town Vitré is far more interesting than Fougéres, its 
splendid chateau and fine old houses making it even more attractive 
than Lisieux. While possessing several streets lined with picturesque 
wooden houses, it also seems to be a very prosperous modern place, 
quite in contrast to the slumbering towns visited in Normandy. The 
chateau entrance is very striking and original. One passes over the 
drawbridge spanning the wide moat and enters a fairly spacious open 
court, containing at the farther end a picturesque little building deco- 
rated with a good oriel window of Renaissance design. We tried to 
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obtain a measured drawing of this window, but as it is just back of 
the modern prison wall we found that the city authorities had to be 
consulted. The red tape encountered proved to be too much for our 
short visit. At Vitré the hot weather seemed to set in in earnest and 
we again changed our riding hours, avoiding the hottest part of the 
day. 

On Sunday, after attending service for a short time at Notre 





THE CASTLE ENTRANCE. VITRE. 


Photographed by E. B. H. 


Dame, a Gothic church with a beautiful outside pulpit, a small party 
wheeled over to the little village of Champeaux, and felt well repaid 
for the hot ride while visiting the chateau and church formerly belong- 
ing to the Chevalier de l’Epinay. The chateau still possesses its wide 
moat, but the surrounding walls have almost entirely disappeared and 
the whole place is overgrown with trees. Although the church is 
about one mile away, tradition says that the buildings are connected 
by an underground passage used by the family in troublesome times. 
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ORIEL IN Court OF CASTLE. VITRE. 


We certainly saw the top of stone vaulting in the driveway of the 
chateau, and were told that a hole in the wall, in the crypt of the 
church, was the other end of the tunnel, but the deep valley and rocky 
hills lying between the two buildings made us sceptical about the 
connecting links. 

Leaving Vitré early on the morning of the 13th we soon reached 
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the Chateau des Rochers, famous as the residence of Madame de Sé- 
vigné, and for its gardens planned by Le Notre, the most famous land- 
scape gardener of the seventeenth century. 
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OLD STREET AT VITRE. 


We now had two of our longest rides before us, through a coun- 
try that presented little that was interesting in the way of varied 


scenery. 


Village after village was passed on our morning ride to 
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La Guerche, where we rested during the hottest hours of the day. 
The afternoon run would have been uneventful if we had not unex- 
pectedly seen the facade of the church at the little village of La Roé. 

This was our first taste of the rich Romanesque architecture of 
Anjou and gave us a good idea of the dignified designs common to the 
southwestern part of France. There are, undoubtedly, some draw- 
backs to touring by bicycle, but the finding of this architectural gem, 





WeEsT FACADE OF CHURCH AT LA ROE. 


Photographed by E. B. H. 


in such a little, out-of-the-way place as the village of La Roé, made up 
for all the inconveniences of our ride on that very hot day. 

We then pushed along, up and down the rolling hills and even 
grades of the great national road, traveling due east in a straight line 
until Chateau Gontier was reached. In fact, so accustomed to regular 
and monotonous leg work did we become, that some of us ran through 
the town and five kilometers beyond before realizing that we had 
passed our stopping-place for the night. That was the hottest day and 
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TOWER OF CHATEAU AT CHEMAZE. 
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the longest ride of the trip, but we felt quite refreshed after a swim 
in the sluggish and not too clean waters of the Mayenne. 

The 14th proved to be about as hot as the preceding day. Mak- 
ing an early start the party divided, some taking the direct national 
road to Angers and others going on a venture about five miles out of 
the way to see the chateau at Chemazé. We were amply repaid for 
the side journey, for this chateau possesses some of the best early 
Renaissance detail. It was our first building of this character and we 
were soon busy with our cameras. Although we arrived at eight in 
the morning, and the owner was then at home, we easily obtained per- 
mission to visit the larger rooms, thoroughly enjoying our glimpse into 
the well-arranged half-modern, half-ancient interior. The square tower 
is particularly beautiful in detail and, combined with the transitional 
dormers, makes an unusually rich fagade for a country house. We 
climbed the winding tower staircase, admiring the delicate interior 
carvings as we went, and from the top obtained a fine view of the wide 
rolling country across which we were traveling. 

Leaving Chemazé with many regrets, we wandered through the 
winding country roads, surprising numerous flocks of geese as they fed 
by the roadside, until we at last met the great national road. Then it 
was push up hill and coast down the other side, mile after mile, riding 
directly south under a broiling sun, until at last we reached the down 
grade that told us we were in the valley of the Loire and that Angers 
was not far off. 

Our arrival at Angers closed a period of fatiguing riding. We had 
traveled ninety-six miles in two days, pushing our heavily loaded 
wheels along monotonously straight roads that seemed to reflect an 
enormous amount of heat from their white surfaces. We were there- 
fore glad to rest for a day or two at the comfortable Cheval-Blanc, 
even although Angers did not prove to be as rich in ancient and inter- 
esting architecture as we had hoped. The photograph clearly shows 
the splendid surface of this great road and the rolling, almost level, 
character of the country. It was taken about ten miles from Angers. 
The distance from the turn near the horizon to the top of the hill in 
the foreground was exactly six kilometers, according to the govern- 
ment measurements indicated on the kilometer stones at the side of 
the road, and it ran over five hills in that space of three and three 
fourths English miles. 

Among the modern buildings of the prosperous city of Angers 
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NATIONAL ROAD NEAR ANGERS. 


Photographed by E. B. H. 


only a few relics of the older time still remain. The ancient Tour St. 
Aubin, now standing alone among the commonplace houses of the 
modern streets, was once a part of a great monastery which covered a 
large section of the city. Another fragment of the monastic build- 
ings was discovered some years ago when a wall in the Préfecture was 
torn down. To-day this mutilated arcade, enriched with early almost 
barbaric sculpture, is perhaps one of the richest examples of decora- 
tive work of the Romanesque period, and is carefully treasured by the 
city and national authorities. In contrast to this primitive work, the 
delicate Renaissance detail of the Hotel Pincé (1535) furnishes the other 
extreme. Situated in the business part of the city, near the post office 
and theater, it still retains its small garden, which pushes it back from 
the general line of the shop fronts. Its delicate carvings now seem 
entirely out of place with its changed surroundings. 

But the most interesting building in Angers, from a constructional 
point of view, is the Cathedral St. Maurice, commenced in the 11th cen- 
tury, as it is one of the transitional examples showing the beginning 
of the change from the domical vaulting found in cities a little far- 
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ther south to the developed vaulting of the northern cathedrals. Sev- 
eral photographs were taken to illustrate the peculiarities of its inte- 
rior, but on account of the uncertain light they were not entirely suc- 
cessful. Angers also possesses a few quaint streets and old modern 
houses, but much has long been destroyed by the fires that from time 
to time have swept the town. 


Our stay at the Cheval-Blanc was so thoroughly enjoyable, after 
the indifferent hotels of the towns through which we had passed, that 





Hore. Pinck. ANGERS. 


Photographed by E. B. H. 


about half the party decided to remain in safe quarters, and later on 
take the shortest road instead of running the chance of a wetting by 
starting early in the morning of the 16th. The adventurous half 
only succeeded in reaching the outskirts of the city when the rain 
descended and the floods came upon us. But we were fortunate 
enough to escape a thorough drenching by taking refuge in a large 
modern church, storing our bicycles in an old corn mill near by. 
After a tiresome wait we donned our rubber capes for the first time 
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and ventured to ride through the flooded streets, quite enjoying the 
experience until the mud thrown by the rear wheels began to creep up 
our backs and over our heads, as mud will fly even with careful riding. 
The sun coming out we were soon forced to discard our capes on 
account of the heat and travel slowly until the roads were fairly dry. 
We then had a delightful run over the winding country roads, through 
vineyards and wet fields, on the way from Brissac to Gennes. 

Lunching at Gennes and afterwards climbing the side of the valley to 
look at its old prehistoric dolmen, a little way out of the town, we were 
soon running over a smooth and almost level road along the left bank of 
the Loire. That was a most remarkable afternoon’s ride, for the numer- 
ous small villages passed, each with its old Romanesque church and 
quaint old houses stretching along the river banks, gave us a foretaste 
of the rich architectural treasures of the Loire Valley. Cunault is 
perhaps the richest of these churches, since it possesses a beautiful 
tower or primitive spire that is quite in contrast to the plain walls of 
the other parts of the church. The capitals and paintings of the 
interior are also particularly quaint and grotesque. 

Some three miles before reaching Saumur we discovered a large 
party of horsemen to the left of our road, and found that the students 
of the famous Saumur Military School were preparing to cross a branch 
of the river without boats, and that their instructors and friends were 
in attendance to witness the attempt. To effect the crossing fodder 
bags were filled with hay and fastened together by light sticks, and 
upon these frail rafts saddles and bridles were placed. Not more than 
four men could sit upon the pile at one time and succeed in keeping 
their immaculate clothes dry while pulling across the stream. The 
horses were driven into the river and after more or less encourage- 
ment swam across. 

Without staying long at Saumur we continued our ride up the 
beautiful Loire Valley, stopping at noon at Chinon. Another bad 
tumble occurred on this run, for one of the men ran into a flock of 
sheep; or, to be more accurate, the sheep and dog ran into him, and 
completely ruined his front wheel. Fortune again favored us, how- 
ever, for although quite a distance from any village an accommodating 
Frenchman arrived upon the scene in his English dogcart, and, seeing 
our plight, kindly carried the wounded rider and broken wheel all the 
way to Chinon. We had a delightful ramble among the ruins of the 
three castles that crown the hill far above the quaint old houses of 
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this town, and stood for a time within the walls that once formed the 
hall where Joan of Arc had her audience with Charles VII. The Cha- 
teau of Chinon is full of surprises, its towers, bridges, deep moats, and 
underground passages affording endless opportunities for the venture- 
some traveler. The view of the valley, as we stood upon the edge of 
the projecting tower with the Vienne far below us, was most extensive 
and very beautiful in its combination of soft colors, but the view was 
entirely beyond our cameras. 

After climbing the valley and leaving Chinon we encountered the 
worst stretch of road that I ever tried to ride over. The maps show 
a third-class road running directly from Chinon to Azay-le-Rideau, but 
I wish to warn any one from attempting that route, for the road is not 
only abominably hilly but for miles is covered with loose gravel and 
broken stone. Riding sometimes in a narrow rut, sometimes on the 
grass and little side paths, it was a wonder that our machines were not 
completely disjointed by the constant wrack and strain. Azay was 
finally reached and the rough experience soon forgotten in the interest 
awakened by the charming chateau. 

The homelike, comfortable character of Azay is in marked contrast 
to the more formal appearance of the larger Renaissance chateaux, and 
our day spent in sketching this delightful building is one of the pleas- 
antest that we remember. We were fortunate in gaining admission to 
the interior and in having an opportunity to see some of its rich his- 
torical treasures. ‘The large salon on a lower floor, and the bedroom of 
Francis I directly above, were two of the most interesting rooms. The 
views from the windows of this room also showed the work of the land- 
scape gardener to the best advantage. The great amount of interesting 
Renaissance detail that this chateau possesses is especially attractive, 
the delicate treatment of doors, windows, and dormers adding greatly 
to the charm and beauty of the building. - Riding on up the wide 
valley, close to the banks of the Loire, we crossed the splendid stone 
Pont de Tours and were at once in the prosperous modern city. 

One needs to know Tours thoroughly in order to locate its remain- 
ing historical buildings among the host of modern houses. Henry 
James’s little book was here far more useful to us than our guide- 
books, and thanks to its directions, we discovered a very delicate frag- 
ment of Renaissance design near the modern church of St. Martin. 
Only five or six of the beautiful arches of the arcade of this convent 
now remain, and these are in a mutilated condition ; but as the « Lit- 
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CHATEAU OF AZAY-LE-RIDEAU. 


’ 


tle Tour in France”’ justly states: ‘“ Such a piece of work is the pur- 
est flower of the French Renaissance; there is nothing more delicate 
in all Touraine.” 

Leaving Tours Sunday noon, we had another delightful ride 
through the valley of the Indre, where we were many times forced 


to stop and gaze at quaint pastoral scenes along the banks of the 
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river. These river roads are particularly attractive. Always bordered 
by green fields or the welcome shade of tall trees, their winding sur- 
faces are in marked contrast to the monotonous national roads which 
traverse the open hills without variety. 

Loches was reached without further incident, and the following 
day we visited the quaint Church of St. Ours, the castle, and the 





ONE OF THE ARCHES IN THE CONVENT NEAR ST. MARTINS CHURCH. ‘TouRs. 


Photographed by E. B. H. 


palace. St. Ours has two peculiar conical vaults over the nave that 
give the church a very unusual appearance. Viewed from the street 
the roofs are picturesque and perplexing, but seen from the top of 
the castle walls the whole arrangement of the church is at once ap- 
parent. This castle is not only used as a prison to-day —the guide 
locking the door after you have entered — but possesses some of the 
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strongest and darkest subterranean dungeons of any of the castles of 
the Middle Ages. In its famous Martelet Tower, Ludovico Sforza, 
Duke of Milan, was confined for nine years. 

The first break in our numbers occurred at Loches, for one of the 
students was obliged to set out for Germany, and later on another, 
who was too sick with an attack of malaria to enjoy riding, decided to 
cover the remaining ground by train. At the departure of the even- 





CHURCH OF St. Ours. LOCHEs. 


Photographed by E. B. H. 


ing train the students stirred up the town, tramping to the station to 
the inspiring tune of “ Marching thro’ Georgia,”’ played upon cornet, 
cymbals, snare, and bass drum, all hired from a neighboring cheap 
theater for the sum of five francs. The departing student marched in 
state, with bicycle and valise carried in front, and arriving at the sta- 
tion was promptly assisted by the guard into a first-class compartment, 
for which he had to pay excess fare upon arriving at Tours, as he 
could only show a third-class ticket. 

















The Summer School of Architecture. 39 


Leaving picturesque Loches behind, we crossed the hills to 
Chenonceaux, racing before a coming storm at a scorching pace; 
but the storm which we could see behind us passed down the valley 
that we had just left and we arrived at Chenonceaux without the 
expected wetting. We were here allowed to go all about the grounds 
and make sketches of the exterior of the chateau, but permission could 
not be obtained to visit the interior or the great picture gallery which 
extends almost across the river. The whole building stands upon 





CHATEAU OF CHENONCEAUX. 


piers built in the bed of the Cher, and entrance is obtained only by 
the drawbridge in front of the picturesque tower that serves as an 
advance guard for the main building. Around the chateau the walks 
through the woods are very carefully laid out, but the large garden 
is too symmetrical and conventional to be pleasing. 

Before leaving Chenonceaux we discovered that we had not money 
enough in the party to pay the hotel bill, our expenses through this 
section being about 250 francs, or $50, each day, so as some of the 
party wished to go on to Amboise six of us made a night ride, one 
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starting by train for Blois early the next morning, obtaining the 
necessary funds, and returning in time to settle all accounts before 
the hotel people discovered that the treasurer had barely enough 
money to tip the waiters. Carrying our money by letter of credit 
and American Express notes, we should have fallen by the wayside 
quite often if each man had been obliged to look out for himself, but 
united we were strong enough for any emergency. 





VALLEY OF THE LOIRE FROM THE TOP OF THE GREAT TOWER, CHATEAU OF AMBOISE. 
Photographed by E. B. H. 


The chateau at Amboise is now undergoing extensive restorations, 
so that we could not clearly see the whole building. In the center of 
the walls, overlooking the river, rises one of the massive towers 130 
feet high, containing the great spiral plane by which horses and car- 
riages reach the level of the courtyard of the chateau. From the 
street of the town this tower rises far above the surrounding houses, 
while from its top a fine view is obtained of the wide valley ; but the 
black and white of the photograph does not do justice to the pano- 
rama, since it leaves out all the soft effects of green foliage and blue 
water which the painter alone could suggest. 
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‘St. HuBERT’s CHAPEL. AMBOISE. 


Photographed by F. B. Heathman. 


The gem of Amboise is the little chapel of St. Hubert, perched 
high on the southwestern side of the wall. To reach it one passes 
through the great inclined tunnel in the angle of the wall, and arrives 
by various passages on the general level of the chateau grounds. The 
commanding location of the chapel is seen best from the top of the 
large south tower, the enormous sub-structure of the walls lifting the 
terrace high above the houses of the town. This little building, with- 
out any reservation, is externally one of the most beautiful examples 
of Gothic design, for although attached to the massive stonework of 
the wall it shows a delicacy and refinement that is almost marvelous. 
The rich doorway, with its bas-reliefs illustrating scenes from the life 
of St. Hubert, is also one of the gems of Gothic sculpture. 
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CHATEAU OF CHAUMONT. 


Photographed by E. B. H. 


Crossing the river on leaving Amboise, we took the road under the 
hills on the right bank of the Seine and found many charmingly situ- 
ated chateaux of a smaller-type. Of these, Du Plessis was one of 
the most interesting. Turning off this road at Onzain, we crossed 
the wooden bridge over the Loire and leaving our wheels at the hotel 
climbed the long walk to the chateau of Chaumont. The courtyard 
of this vigorously designed building commands a wide view of the 
valley that rivals the view at Amboise. The rooms to which we were 
admitted were very richly hung with tapestries and full of souvenirs 
of Dian de Poitiers and Catherine de Medici. Remaining on this 
left side of the river we soon covered the distance to Blois, and pass- 
ing over the highly crowned stone bridge were soon at our hotel 
near the famous chateau, the principal building of its class in France. 

So much has been written about Blois that I will not attempt here 
to describe its beauties. . The Francis I wing is justly famous for its 
exterior, and for its richly carved court facade with its elaborate spiral 
staircase. But to me the quieter Louis XII side of the court is far 
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more pleasing and more thoroughly graceful in architectural effect. 
It is one of the few buildings that one wants to sit down before and 
quietly let it tell its own story. 

After two days at Blois, principally spent in the chateau, we jour- 
neyed on, spending a short-time among the complicated roofs of the 
vast, barren chateau of Chambord. The night was spent at Orleans, 





THE LorrE AT CHATEAUDUN. 


Photographed by E. B. H. 


and from there began the most fatiguing ride of the trip, the thirty- 
five miles to Chateaudun, through monotonous grain fields, against a 
heavy head wind. That all were well tired is shown by the fact that 
our party of young men, hardened by forty days’ continuous riding, 
turned in for a nap directly after obtaining a much-needed lunch. 
The old, deserted castle of Chateaudun was wandered over late in the 
afternoon and all were impressed by the desolate character of its great 
rooms. This castle possesses a donjon of the 12th century, having 
a remarkably substantial timber roof, and also shows much rich 
Renaissance detail around the interior courtyard. 

The Loire is here quite small and unimportant, although very 
pretty just as it enters the town near the base of the chateau, but 
it is hard to think that the beautiful river at this point is particu- 
larly filthy. The washing stands seen by the riverside everywhere 
in France are quite common in this town. There is, however, such 
a suggestion of sewage in the discolored waters, that one wonders 


how the laundry can come home as clean and fresh as it always 
appears. 
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Lunching at the village of Bonneval, where it seems that Ameri- 
cans are rarely seen, we later on reached Chartres. There we spent 
our time principally in the magnificent cathedral, the most imposing 
Gothic building in France; but I can only very briefly mention its 
grand interior, beautiful towers and porches, or its wealth of magnifi- 
cent stained glass. 





MAIN AVENUE OF THE GARDENS. PALACE OF VERSAILLES. 


Along the valley of the Villette we had our last picturesque ride, 
and at the charming chateau at Maintenon obtained permission to 
enter the gallery of the Noailles family portraits. Leaving this beau- 
tifully situated place we had a hard journey to Rambouillet, over a 
military road two thirds cobblestones and one third rough gravel and 
mud. 

We were now within a short distance of Versailles and Paris, 
where our journey was to end. Reaching Versailles, the magnificent 
exterior of the great palace could not fail to impress us, but one at 
first feels out of place in the midst of so much cold, monumental 
grandeur, and our short trip through the galleries and gardens gave us 
all the impression that a great amount of money had been lavishly 
expended with questionable success. It*is needless to say that many 
of the little village scenes through which we had passed were more 
picturesque and effective and could be more quickly grasped. 
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A quick afternoon ride from Versailles led us through the Bois 
de Boulogne, past the Arc de |’ Etoile, down the crowded Champs- 
Elysées, to the little comfortable hotel in the Rue de Bac, and our 
Summer School of ’96 was ended. 

During our stay abroad much information was gained in regard to 
the European styles of architecture. In fact, so great an advance in 
the appreciation of good architecture was made, that all who took part 
in the tour look back upon it as completely enjoyable and profitable. 
At this distance, our days of monotonous riding and all our difficul- 
ties are forgotten. 
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THE VISCOSITY OF MERCURY VAPOR. 
By A. A. NOYES, PH.D., AnD H. M. GOODWIN, Pu.D. 
Received October 6, 1896. 

THE uncertainty which attaches to the specific heat ratio of gases 
as a means of distinguishing between monatomic and polyatomic mole- 
cules has been recently made evident by the extended discussions of 
the significance of that property in connection with the atomic weights 
of argon and helium. It is, therefore, of great interest to investigate 
other properties which may be expected to be related to the atomicity 
of the molecule. Of such properties those dependent on the volume 
or cross-section of the molecules seem most promising. We have, 
therefore, undertaken the investigation of one of these, the viscosity 
or internal friction, in order to determine whether a marked differ- 
ence in its value exists in the case of gases with monatomic and those 
with polyatomic molecules. To this end we have made comparative 
measurements of the viscosity of hydrogen, carbon dioxide, and mer- 
cury vapor at the boiling temperature of the last named substance. 
According to the Kinetic Theory of Gases the viscosity coefficient 
has the theoretical significance expressed by the following equation :! 


bee 
qe= — WeLle 
T 
in which V is the number of molecules in the unit of volume, m the 
mass of a single molecule, Z the mean free path, and c the mean 
velocity. Moreover the mean free path Z is dependent solely on the 


number of molecules V and the mean cross section g of a single mole- 
cule, or of its sphere of action :? 


I 
i = — po 
4y 2 Nq 


*O. E. Meyer. Kinetische Theorie der Gase. Ist ed. pp. 130, 139. 

?0. E. Meyer. Kinetische Theorie der Gase, pp. 206, 218. The symbol Q used by the 
author represents the total cross section of all the molecules in the unit of volume, and is, 
therefore, evidently equal to Vg. 
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whence it follows that 

oe me 
ato 9 
or for any two different gases : 
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But, since for any two gases at constant temperature : 
3 = 2 
My1Cy" = Moly 


the above proportion may be simplified to the following equation: 


— 
e's Be (1) 


qo 1 M2 


from which it is evident that the relative mean cross sections of the 
molecules of the two gases are readily calculated from their molecular 
weights and viscosity-coefficients. It was thought by us that mona- 
tomic molecules might prove to be much smaller than polyatomic 
ones, since it seems a priori not improbable that the spaces between 
the atoms of the latter are large in comparison with the dimensions 
of the atoms themselves. The experiments to be here described 
show, however, that no marked distinction exists between monatomic 
and polyatomic gases in this respect. 

Experiments on the viscosity of mercury vapor, and especially on 
the effect of temperature upon it, have been made already by S. Koch,! 
who calculated that at 300° the volume of the mercury molecule is 4.4 
as great as that of the hydrogen molecule. As this calculation was 
not based on direct comparative experiments made by passing the two 
gases through the same capillary, but was an indirect one involving 
the measurements of different experimenters and the dimensions of 
the capillaries used by them, it seemed desirable to subject the matter 
to further investigation in the direct manner indicated. Moreover, the 
author does not discuss the significance of his result in its bearing on 
the relative magnitude of atoms and molecules. 

The method used by us in determining the relative viscosity con- 
sisted in measuring the quantities of the different gases which, under 
a constant difference of pressure, passed in a given time through the 





* Wied. Ann. Phys. Chem. 19, 857 (1883). 
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same capillary kept at a definite constant temperature. O. E. Meyer? 
has derived the following formula for calculating the viscosity coeffi- 
cient 7 of a gas from its rate of flow through a capillary tube: 


_ ¢ Bp)? 
16 2X AVN" 
where J is the length and & the radius of the tube, ¢ the time, f; the 
pressure at which the gas enters, /, that at which it leaves the tube, 
and V, the volume of the transpired gas measured at the pressure fy. 


In the case of comparative experiments made with the same capillary 
on two different gases, the following proportion holds true: 


(AP — PP it . (Pr — pi’)s te 


ny 12 


Ri hy t 


(2) 





in which 7, %, represent respectively the number of gram molecular 

weights of the two gases transpired (since ~ is proportional to the 

product p V). 

C The apparatus and experimental method that 
we employed were necessarily quite different from 
the usual ones, and they will, therefore, be briefly 

(N anid described. The capillary used in the most complete 

(—”" series of experiments consisted of a glass tube about 
74cm. in length, and 0.34 mm. in internal diameter 














i | (determined by measuring the volume of a known 
length by means of mercury). A smaller capillary 

\/ A) about 49 cm. in length and 0.22 mm. in diameter 
B || was used in a preliminary series. The capillary was 


bent in the manner shown in Figure I, except that 
as actually constructed, it was made much more com- 
pact. To its ends were fused pieces of ordinary 
glass tube as shown in the figure; one of these was 
) | provided at the point A with a ground glass joint. 

The capillary was placed in a vertical position in a 
heavy steel cylinder (see Figure 2), 30 cm. high, 2.8 
cm. internal diameter, having a small orifice at the side, through which 
the ground joint protruded for a distance of about one centimeter. The 






































Fig. 1. 





? Pogg. Ann., 127, 269. 
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capillary was held in position in the orifice by packing with loose as- 
bestos. Although the capillary was vertical, the influence of gravity was 
eliminated by reason of the fact that the ascending and descending parts 
were made equal in length. The top of the cylinder was closed by an 
iron plate screwed down with a nut 4; the nut and the plate were 
perforated in the center, and into the latter was welded an open iron 
tube B projecting upwards, 25 cm. in length, and 13 cm. in diameter. 
The cylinder was covered, except on the bottom, with a jacket of asbes- 
tos about § cm. thick, and the projecting tube B, which was to serve 
as a condenser, was wound with spirals of copper wire to increase the 
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Fig. 2. 

cooling surface. Pure mercury was placed in the cylinder and boiled 
vigorously by means of a number of lamps beneath. The capillary 
was thus kept at the boiling temperature of mercury under atmos- 
pheric pressure. No regard was paid to the variations of temperature 
arising from changes in barometric pressure, as their effect would evi- 
dently be entirely negligible. 

Any desired difference of pressure at the two ends of the capillary 
was attained by inserting a tube in the ground joint and connecting it 
with a large air reservoir R which was itself connected through the 
cock S with a suction pump, and with an open mercury manometer J/. 
The gas or vapor entered at the other end of the capillary, always un- 
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der atmospheric pressure. The whole apparatus in the form used for 
measuring the rate of transpiration of the mercury vapor is shown in 
Figure 2. 

In making the experiments, the rate of flow of the mercury vapor 
was first determined in the following manner: While the cylinder was 
being heated, carbon dioxide was forced through the capillary to pre- 
vent the condensation in it of liquid mercury and the formation of its 
oxide. After the mercury was boiling actively, and its vapor entirely 
enveloped the capillary as shown by a mercurial thermometer inserted 
in the tube 4, Figure 2, it was connected with the suction pump and 
mercury vapor drawn through for half an hour. The carefully ground 
end of a weighed bulb W was then inserted in the ground joint and 
its other end being connected by means of a clamped rubber tube C, 
with the air reservoir, in which the desired reduction of pressure had 
been produced. At a definite moment the clamp C was opened and 
the time noted. As the volume of the condensing bulb WV was very 
small compared with the volume of the air reservoir, no sensible 
change in the pressure was thus produced. The mercury vapor was 
found to be completely condensed in W about two to three centime- 
ters from the ground point. It was found that a slight and unavoid- 
able leakage! through the ground joint occurred, and it was, therefore, 
necessary to readjust the pressure occasionally. It could easily be 
maintained constant to 0.2 or 0.3 mm. or even closer. After a suffi- 
cient time, usually sixty minutes, the clamp was closed, and at a noted 
instant the bulb removed and subsequently weighed. Check experi- 
ments were made in this way at each of two or three other different 
pressures. 

The capillary was now removed from the cylinder, and the opening 
B (Figure 1) carefully closed by fusion. A glass tube, long enough to 
project beyond the upper end of B (Figure 2), was also fused onto the 
end C, and the capillary was then ready for the experiments with car- 
bon dioxide and hydrogen. It was replaced in the cylinder as before, 
and the glass tube projecting through B connected through suitable 
wash-bottles with the gas generator. The carbon dioxide was made 





*In the case of the mercury experiments, no error could arise from this source, as_the 
leakage was inward. In the case of those with carbon dioxide and hydrogen, it was proved 
by blank experiments that the amounts of carbon dioxide and water which leaked in were less 
than 1 per cent. of the total weight. 
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in a Kipp generator by the action of dilute sulphuric acid on lumps of 
pure fused sodium carbonate, and was dried by passing through two 
Allihn gas wash-bottles containing strong sulphuric acid. The hydro- 
gen was prepared from pure Bertha zinc and dilute sulphuric acid, was 
washed with caustic soda solution and dried by sulphuric acid as in the 
case of the carbon dioxide. In order to maintain the gas entering the 
capillary at atmospheric pressure, a T tube was inserted between the 
wash-bottles and the capillary, and its perpendicular arm was turned 
downward and caused to dip into sulphuric acid barely below its sur- 
face. The cock of the generator was opened sufficiently to cause the 
gas to bubble out steadily through the sulphuric acid. 

The transpiration measurements were made as in the case of the 
mercury. The carbon dioxide, flowing through {n a definite time, was 
determined by absorption in weighed tubes filled with lumps of soda 
lime. The hydrogen was burnt by passing it over hot copper oxide 
contained in hard glass tubes from which the air was previously dis- 
placed by carbon dioxide, and the water collected in weighed calcium 
chloride tubes. 

The results are presented in the following table: In the first col- 
umn is given the symbol of the substance; in the second, the atmos- 
pheric pressure f;; in the third, the difference in pressure (f; — £,) ; 
in the fourth, the time ¢ expressed in hours ; in the fifth, the weight zw 
in grams of the substance weighed; in the sixth, the mean weight 
transpired in one hour as computed from the separate check experi- 
ments, and in the last, the quotient obtained by dividing this weight 
by the molecular weight m of the substance, the time, and the pres- 
sure function (~,2 — f,”)1. (See expression (2) on page 48. As 
the headings indicate, the first of these two series of experiments 
was made with the smaller, and the second with the larger capillary. 
It will be seen that in the second series two sets of determinations 
are given for mercury vapor ; the first of these was made before, and 
the second one after the experiments with carbon dioxide and hydro- 
gen, and their agreement shows that the capillary had undergone no 
change by stoppage or otherwise, during the course of the experiments 
with it. 





‘In the calculation of this quantity the same mean value of #; was used in all the experi- 
ments of each series, namely, 760 for those with the smaller capillary, 765 for those with the 
larger. : 
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SERIES I. (Small Capillary.) 
: 2 x 1010 Y 
| Ai Pi — Pe | t | w wit im (p12 — po?) 
He 753 | 200 4 6| (0.738 | 
753 | ij 0.740 | 
756 | | 4 | 0.745 0.494 | 93.6 
as: | met 4 0.685 | 
a } 1 0.686 0.686 | 93.6 
734 =| 400 1 0 834 
754 | 1 0.831 0.833 92.9 
CO, 2 | ‘900 1 0.237 | 
752 | 1 0.239 | 
ese | lk 0.357 0.238 | 205 
| 759 300 1 0.329 | 
| 759 1 0.327 
| 766 1.) om 0.327 | 203 
766 400 1 0.400 
| 766 1 0.396 
| 759 1 0.396 0.397 202 
SERIES II. (Large Capillary.) 
A Ai — Po t w wit imQeoan 
Hg. ..{ 769 150 1 1.548 
| 769 1 1.548 1.548 374 
769 300 1 2.763 
769 | 1 2.764 
769 | l 2.739 2.755 373 
CO, . 756 150 1 0.704 
65 1 0.706 0.705 774 
| 765 300 1 1.267 
| 765 1 1.264 1.265 779 
He 76 | 150 1 0.557 | 
766 1 0.557 0.557 | 1517 
— | = ¢ 3 1.009 | 
166 te 1.006 1.008 | 14% 
“er 766 | 30 1 2.728 | 
166 | 1 2.746 
| 764 1 2.743 2.739 371 
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Attention may be first called to the agreement of the values of 
the last column in the case of the transpiration of the same sub- 
stance under different differences of pressure, thus proving that the 
effect of pressure is in close accordance with that required by the 
formula, and consequently that the capillaries are of sufficient length 
and sma!l enough bore to give the true values of the viscosity coeffi- 
cients. 

Of the two series of experiments, the first one made with the 
smaller capillary is to be regarded as less reliable by reason of the 
fact that owing to an accident to the capillary check experiments with 
mercury vapor after completion of those with carbon dioxide could not 
be made as in the former case, in consequence of which it is not cer- 
tain that a stoppage did not occur in the course of the series. While 
there was nothing to indicate that such was the case, yet on account 
of its extremely small bore it was much more liable to stoppages than 
the larger capillary. We consider the experiments with the latter to 
be certainly accurate within 2 per cent. 

Nevertheless, the agreement between the results of the first and 
second series is perhaps as close as could be expected with capillaries 
so different from each other in character. The relative viscosity 
coefficients of the different gases were calculated from the values of 
the last column in the table by means of formula (2). The results 
are as follows: 

First series, 


Hg = 2.17. 
co, 
Second series, 
n ” 
Ts — 908, "He = 4.04. —©% = 1.94. 
"co, 7H, 7H, 


The relative values for mercury and carbon dioxide agree within 
about 4 per cent. That of the second series is, however, more relia- 
ble, for the reason above stated, and will be used in the subsequent 
calculations. It may be noted that the value of the ratio 9¢9, : ny, at 
ordinary temperature is 1.72,1 somewhat smaller than that found by 
us at 357°, a result which is in accordance with the greater tempera- 
ture coefficient of carbon dioxide established by several investigators. 





‘©. E. Meyer. Kinetische Theorie der Gase, 142. 
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The corresponding values of the relative mean cross-sections as 
calculated by formula (1) are: 


q 
Hs — 102. 


Ico, H, 


Tuts = 2.48. 

That is to say, the average cross-section of the mercury molecule or 
atom is very nearly the same as that of the carbon dioxide molecule, 
and is about 2} times as large as that of the hydrogen molecule. 
This last result does not differ very greatly from that (2.68) corre- 
sponding to the relative molecular volumes of mercury and hydrogen 
as calculated for 300° by Koch. 

These results indicate that atoms and molecules are of the same 
order of magnitude and that the spaces between the atoms within the 
molecule, if any exist, are not large in comparison with those occupied 
by the atoms themselves. And consequently the viscosity of gases, 
or any other property which like it is dependent only on the size or 
form of the molecules, is not adapted for distinguishing between mona- 
tomic and polyatomic molecules. 

In considering the significance of the above values of the cross- 
section, the different masses of the various molecules, to be sure, ought 
not to be entirely disregarded. The mercury and carbon dioxide mole- 
cules have, as we have seen, the same cross-section, and, therefore, as- 
suming both to be of the same general form, they occupy the same vol. 
ume. The mass of the former is, however, 4.55 times as great as that 
of the latter. The density of the mercury molecule is consequently 
greater in this same proportion. But this difference is not marked 
enough to make it necessary to attribute it to free spaces within the 
carbon dioxide molecule. For it is not improbable that the inherent 
density of massive atoms, like those of mercury, may be considerably 
greater than that of light atoms, such as those of carbon and oxygen. 

In closing, we desire to point out that the principle here estab- 
lished that atoms and molecules are of the same order of magnitude, 
and that no considerable free interatomic spaces exist within the mole- 
cule, is in accordance with the remarkable fact that the molecular cross- 
section of most comparatively simple molecules is approximately an 
additive property calculable from certain constant values of the atomic 
cross-section.! This fact would be unintelligible, were the principle 


*See O. E. Meyer. Kinetische Theorie der Gase, 209. 
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not correct ; for if considerable spaces existed between the atoms, it 
is not to be supposed that those spaces would be the.same in entirely 
dissimilar molecules — that, for example, the space between the hydro- 
gen and chlorine atoms in hydrochloric acid. would have any relation 


to the space between the atoms in the elementary gases hydrogen and 
chlorine. 


ROGERS LABORATORY OF PHYSICS. 
September, 1896. 
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THE SCIENTIFIC WORK OF THE BOSTON PARTY ON 
THE SIXTH PEARY EXPEDITION TO GREENLAND. 


INTRODUCTORY NOTE. 


On the 29th of April, 1896, the undersigned received a letter from Lieutenant Robert E. 
Peary, Civil Engineer U. S. N., inviting him to organize a small party to carry on some line 
of scientific research in Danish Greenland, this party to be quite independent in its organiza- 
tion and equipment from the main body of the expedition, but to be transported to and from 
its destination by Lieutenant Peary’s steamer. A similar proposition was made to Professor 
Ralph S. Tarr, of Cornell University. These two separate parties of six men each were to 
be landed with boats and camp equipments at different points on the west coast of Danish 
Greenland, there to remain and to carry on their investigations until the return of Lieutenant 
Peary’s steamer in the latter part of the season, when they were to be taken on board and 
brought back to the port of sailing. This plan was a variation from former expeditions, and 
was designed to enable the members of these parties to prosecute their studies uninterrupt- 
edly for five or six weeks at localities affording the best opportunities for their chosen lines 
of work. 

Both parties were organized and equipped, and they sailed with Lieutenant Peary from 
Sydney, Cape Breton, on the steamer Hope, July 16, 1896. Lieutenant Peary had obtained 
permission from the Danish home government for the landing of these parties on the Green- 
land coast. The entire plan as proposed was carried out almost without a single deviation. 
Each party was landed and called for on scheduled time, and too much praise cannot be 
given to Lieutenant Peary and Captain Bartlett, of the steamer Hope, for the excellent ar- 
rangements made for the comfort and safety of their passengers. 

Through the kindness of the Secretary of the Treasury and of the Superintendent of 
the United States Coast and Geodetic Survey, the Boston party was fortunate in securing the 
detail of Assistant G. R. Putnam with full instrumental equipment for making pendulum and 
magnetic observations. The other members of the party were college professors and stu- 
dents. The expenses of the party were mainly borne by the members themselves. The 
undersigned, however, wishes to express his sincere gratitude to Mrs. Francis H. Williams, 
Mrs. John C. Phillips, Mr. George Wigglesworth, and others, for their aid and financial as- 
sistance, without which the work of the party would have been seriously hampered. To 
Mr. A. M. Ritchie, of Brookline, the party is indebted for the gift of a complete thermo- 
phone outfit for the determination of air, ice, and water temperatures, and to the Institute of 
Technology for the loan of scientific instruments. 

The Boston party wishes to acknowledge with hearty appreciation the courtesy and 
generous assistance extended to them throughout their work by the Danish officials, and 
especial thanks are due to Inspector Andersen, of Godhavn, and to Governor Knuhtsen, of 
Umanak. 

The account of the scientific work accomplished will be given in the following reports 
by the members of the expedition. 





peel Am, 
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Report A. Magnetic and Pendulum Observations, by Mr. G. R. Putnam, Assistant 
United States Coast and Geodetic Survey. 

Report B* Observations of Glacial Phenumena, by Assistant Professor G. H. Barton, 
Massachusetts Institute of Technology. 

Report C.* Measurements of the Motion of the Great Karajak Glacier, by Professor 
A. E. Burton, Massachusetts Institute of Technology. 

Report D.* Studies of the Eskimos of Baffin’s Land and Umanak Fjord, Their Cos- 
tumes and Habitations, by Mr. Russell W. Porter, a student, Massachusetts Institute of 
Technology. 

Although the two remaining members of the expedition, Mr. John C. Phillips, a student 
of Harvard University, and Mr. A. M. Dodge, a student of Harvard Medical School, do not 
submit written reports of their work, it should be said that much of the success of the plans 
of this expedition is due to their hearty codperation in the work, and to their practical knowl- 
edge of camp life. Messrs. Porter, Phillips, and Dodge, by their skill in the use of the cam- 
era, enabled the party to obtain a most excellent photographic record of the expedition. 

A collection of furs, native costumes, kayaks and implements of the chase was made, 
and much of it has already been presented to various museums and public collections. 


ALFRED E. BurTon, S. B., 


Professor of Topographical Engineering, Massachusetts Institute of Technology, 
In charge of the Boston party. 


*Owing to lack of space, reports B, C and D will be published in the next number of the TECHNOLOGY 
QUARTERLY. 
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ParT I. INTRODUCTION. 


SEcTION I. Scope and Object of Work. — Among the objects of 
research included in the plan for the expedition to the west coast 
of Greenland organized by Professor A. E. Burton in the summer 
of 1896, were magnetic and pendulum observations, and the writer 
was invited by Professor Burton to undertake this part of the work. 
On the recommendation of the Superintendent of the United States 
Coast and Geodetic Survey, permission was granted by the Secre- 
tary of the Treasury for the writer to accompany the expedition, and 
to take with him the necessary instrumental outfit belonging to the 
Survey, on the condition that the Survey should bear no part of the 
expense. The party was to be transported to and from its destination 
by Lieutenant R. E. Peary, United States Navy, the well known Arc- 
tic explorer, who combined the transportation of several such scientific 
parties with the other objects he had in view in planning this northern 
expedition. As Lieutenant Peary proposed to make a number of 
intermediate stops both going and returning, it was the plan of the 
writer to make observations at all such places as time and circum- 
stances would permit, and thus accumulate as much data as possible 
in regard to these branches of terrestrial physics, in regions not fre- 
quently visited. In the recently published report! of Professor Hel- 
mert to the International Geodetic Association on gravity determina- 
tions made in various parts of the world, no observations are shown in 
the region covered by this voyage, so that pendulum observations here 
will help to fill a gap in the investigation of the variations of the force 
of gravity over the earth’s surface, which is among the lines of research 
undertaken by the various countries represented in that association. 
One of the objects of these investigations is the study of the figure 
of the earth, as to which evidence is furnished by the variations in the 
force of gravity from the equator to the poles; and the fact that com- 
paratively few such observations have been made in the polar regions 
where they have great weight in this problem, renders additional data 
there of especial importance. The study of the local variations of grav- 
ity is also of much interest, furnishing evidence of the differences of 





*“ Bericht iiber die relativen Messungen der Schwerkraft mit Pendelapparaten,” by Pro- 
fessor Helmert, in ‘‘ Verhandlungen der elften allgemeinen Conferenz der Internationalen 
Erdmessung,”’ at Berlin (1895). See map No. 7. 
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density near the earth’s surface, and affording one of the few experi- 
mental means of investigating that important problem of terrestrial 
physics, the condition of the earth’s so-called crust. 

Magnetic observations have been made from time to time by vari- 
ous expeditions to these regions. The repetition of such observations 
at identical stations after suitable intervals of time, has long been con- 
sidered an object of prime importance in the study of terrestrial mag- 
netism, as by this means only can the changes constantly in progress 
in all the magnetic elements be intelligently studied. The direct prac- 
tical bearing of these observations in connection with navigation and 
surveying, is the knowledge they afford of the variation of the com- 
pass from true north, and the possibility of predicting what the vari- 
ation will be for at least a few years in advance. It was fortunate 
that at a number of places it was possible to reoccupy the stations of 
earlier magnetic observers, in two cases the identical points being 
found. The advantage of this, of course, is that the local variation 
which exists in the vicinity of many points is eliminated in dedu- 
cing the rate of change of the magnetic elements from successive 
observations. 

On account of the ready portability of the magnetic instruments 
it was possible to take advantage of nearly all the stops of the ship 
to make magnetic observations. The pendulum apparatus, however, 
being much more elaborate, and requiring the obtaining of star obser- 
vations for time on at least two nights, could only be set up where the 
longer stops were made, and complete observations were obtained only 
at the points of starting and destination, with partial observations at 
two intermediate places. Because of the diversified interests com- 
prised in the various expeditions on the ship, the short time available, 
and the exigencies of Arctic voyaging, the stops could not be arranged 
either as to time or place, to especially accommodate the magnetic and 
pendulum observations, but the convenience of this work was consid- 
ered by Lieutenant Peary in arranging the plans, and the work pro- 
moted in every way practicable. 

The present report on this work includes many details and illustra- 
tive examples of observations, and historical references to former work, 
which are embodied here with the purpose of giving a more complete 
idea of the methods and objects, as well as of the actual results ob- 
tained; to do this it is evidently necessary to repeat some data that 
have been published in earlier reports. 
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SecTION 2. Larrative of the Expedition as Relating to these Ob- 
servations. — The starting point of the steamship “ Hope,” which was 
to carry the parties north, was Sydney, Cape Breton. In order to per- 
sonally see to the transfers ex route of the valuable instrumental outfit 
I left Boston by boat on July 4, 1896, reaching Halifax, Nova Scotia, 
on July 6. Here by permission of the British officers in charge, I 
made magnetic observations at the Naval Dock Yard, which is one 
of the most valuable secular variation stations in North America, the 
series of magnetic declination observations in this vicinity extending 
back nearly three centuries. Leaving Halifax July 8, on the steamer 
“Harlow,” and passing through the remarkable Bras D’Or lakes, Syd- 
ney was reached on July 10. Magnetic, pendulum, and astronomical 
instruments were set up the same day, and work commenced that 
evening. Complete observations were obtained at this point, the 
instruments being located in the yard and basement of the Sydney 
Hotel, through the courtesy of Mr. J. P. Fairbanks. All the parties 
and outfit were embarked at this point on board the “Hope,” a stanch 
Newfoundland sealing steamer of 322 tons, full rigged and especially 
adapted for work in the Arctic regions, and under the command of 
Captain John Bartlett, an experienced Arctic voyager. Professor Bur- 
ton’s party comprised, besides the writer, the following persons: Pro- 
fessor A. E. Burton, Massachusetts Institute of Technology, in charge, 
Professor G. H. Barton, geologist, Mr. R. W. Porter, artist, both also 
of the Institute, Mr. A. M. Dodge, Harvard Medical School, and Mr. 
J. C. Phillips, Lawrence Scientific School. The writer is indebted to 
these gentlemen for much assistance in preparing stations and for 
helping in other ways. Professor Burton, besides making the topo- 
graphical sketches at several of the points, constantly facilitated and 
encouraged the work. 

The “Hope” sailed from Sydney on July 16, our course being 
across the Gulf of St. Lawrence, through the Straits of Belle Isle, 
and along the Labrador coast. On July 20, a few hours’ stop was made 
at Turnavik, where magnetic observations were made over the exact 
spot occupied by Lieutenant Very, United States Navy, fifteen years 
previously. For most of the distance along the Labrador coast floe ice 
was encountered, which became so heavy in the vicinity of Cape Chud- 
leigh as to seriously impede the progress of the ship. Hudson Strait 
was entered on July 23, and found comparatively free from ice. Our 
party was landed at Ashe Inlet, Big Island, on July 25, and the various 
instruments were set up in the vicinity of the partially destroyed house 
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marking the site of the Canadian meteorological station established 
ten years ago, in connection with the Hudson Bay expedition under 
Lieutenant A. R. Gordon, Royal Navy. Magnetic, pendulum, and one 
night’s time observations were made here, but the second night’s time 
observations were prevented by an easterly gale and rain which also 
interfered with the magnetic work. The “Hope,” which had gone to 
the mainland, called for our party on July 27, and no further time was 
available at this point. We passed out of Hudson Strait on July 29, 
and were prevented from entering Cumberland Sound, as planned, by 
heavy ice which apparently blocked the whole width of the entrance. 
On July 31 the course was changed for Greenland, the coast of which 
was sighted on the evening of August 1. Steaming northward along 
that coast we entered the harbor of Godhavn on the evening of Au- 
gust 2, and were cordially welcomed by the Danish officials. By per- 
mission of Mr. Andersen, the Inspector of North Greenland, I made 
magnetic observations the next morning in a location between the 
Inspector’s and Governor’s houses, and probably very close to the 
former stations, which are referred to as being in the Inspector’s gar- 
den, or near the flagpole. Later the magnetometer was taken across 
the harbor to the west side of Watson’s Bay, and a few observations 
made there. This is thought to be in the vicinity of the “ Discovery’s”’ 
station of 1875. Leaving Godhavn on the afternoon of August 3, the 
‘‘Hope”’ steamed through the remarkable passage inside of Disco 
Island, known as the “ Vaigat.’’ Entering Umanak Fjord on August 4, 
our destination at Umanak settlement on the little island of the same 
name was reached on August 5, and our party was disembarked, and 
the “Hope” proceeded on her more northern voyage. By the cour- 
tesy of Mr. Hjalmar Knuhtsen, the Governor of the Danish district 
of Umanak, an unused house known as the “ Gamle Prestebolig’”’ 
(old parsonage) was placed at our disposal, for storage and living pur- 
poses. Throughout our stay here the Danish officials were most cour- 
teous and hospitable, and facilitated our work in every way. The 
pendulum apparatus was set up in a corner of this house, and the 
meridian telescope and magnetic instruments in tents close by. By 
August 21 the observations at this point had been completed, and du- 
plicate records prepared, which as a precaution were sent to America 
by the last Danish ship of the season, the “Peru” of the Royal Green- 
land Trade. After this the writer accompanied one of the several ex- 
peditions which were made by the party to the glaciers and the edge 
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of the inland ice, at the heads of the fjords. Because of the limited 
transportation facilities available, it was considered inexpedient to 
attempt to include pendulum or magnetic observations in the plan 
of these exploring trips, which were made in small boats. The party 
returned to Umanak on September 8, and on the following day the 
“Hope” arrived on her homeward journey, and all were reémbarked. 
The same general course was followed on the return trip, omitting the 
voyage into Hudson Strait. The afternoon of September 11 was spent 
at Godhavn, and magnetic observations were again made at the same 
point in the village. A northerly gale was encountered that night, 
and on the 12th, in crossing Davis Strait. On the evening of the 
13th the “Hope” ran into floe ice above Cape Mercy, which proved 
so heavy that practically no progress was made except the drifting 
with the floe until the 16th, when, the pack loosening, the ship was 
worked out and steamed into Cumberland Sound, which was found 
quite free of ice. On September 17 we reached the whaling station 
at Umanaktuak, or Blacklead Island, in the midst of a gale and snow- 
storm, so that difficulty was encountered in procuring an Eskimo pilot 
from shore. We then proceeded to Niantilik, or Winter Harbor, where 
the ship remained at anchor for about thirty hours. The magnetic, 
pendulum, and astronomical apparatus were set up on a low promontory 
on a small island just west of the anchorage. Magnetic and pendulum 
observations were made, but no star observations for time could be 
obtained because of a snowstorm, and the shortness of the stay. This 
point and Ashe Inlet were the nearest of this series of stations to the 
magnetic north pole, distant approximately 850 mmles (1,370 kilome- 
ters). Leaving Blacklead on the morning of the 19th, a clear and 
favorable passage was had across to and along the Labrador coast, 
and again through the Straits of Belle Isle to Sydney, which was 
reached on September 26, after an absence of seventy-two days and 
a voyage of about 5,000 miles (8,000 kilometers). A few additional 
observations were made this day at Sydney, at Lieutenant Very’s sta- 
tion of 1881, in the rear of the English Church. The instruments 
were then shipped to Washington, where the periods of the pendulums 
were carefully determined, October 15 to 17. They had been deter- 
mined at Washington just previous to starting on this expedition, on 
June 22 to 24. The mean period of the three pendulums in October 
differed only .oooooo1 of a second from that determined in June, a 
very satisfactory test of the constancy of the pendulums and their 
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freedom from injury on this journey. In this brief outline of the his- 
tory of this expedition, only such details are referred to as affected 
these particular lines of work. 

SecTION 3. Description of Stations. — There were in all eleven 
magnetic stations, in seven distinct localities. There were five pen- 
dulum stations (including the base station at Washington), at two of 
which the observations were incomplete. The route of the expedition 
and the points of observation are shown on the accompanying map, 
Figure 1, and the local positions of the various points on the sepa- 


rate sketches Figures 2 to 8. For further identification, the follow- 
ing brief description of 


the various points is \\ 

added : “"— \ eA 
Washington, D. C. ‘ S 

Pendulum station, in 






pendulum room in 





southwest corner of 
basement, Coast and 
Geodetic Survey Office 
on Capitol Hill. 

Sydney, Cape Breton, 
Nova Scotia. Pendulum 
apparatus in front part 
of basement of Sydney 
Hotel. Magnetometer 
(station 1896) in open 
lot belonging to Syd- 
ney Hotel, and between 
it and Post Office. 


“| Lieut. Very’ 


a Sta 186 ' 





Sketch Showing Location 
Macneric ano Panouium STATIONS 


Sydney, Cape Breton, SYONEY 
y ~ . ° CAPE BRETON 
Nova Scotia. Magnetic oni 


station of 1881, about 
188 meters north, and 
43 meters east of pre- 
ceding. This station 
was occupied by Lieu- ‘ a 

tenant S. W. Very, United States Navy, in 1881, and the wooden post 


left by him was found. It is in the rear of the Church of England, 
Figure 2. 
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Turnavik, Labrador. Magnetic observations were made at the 
identical point occupied by Lieutenant Very, in 1881, on West Turn- 
avik Island, in the midst of the small fishing settlement under charge 
of William Bartlett. This station is marked by a deep drill hole in 
the bare rock about half way between Bartlett’s house and the house 
in which his men live, Figure 3. 
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Fic. 4A. SKETCH OF ASHE INLET, HuDsOoN STRAIT. 


From Admiralty Chart No. 1221. (1888.) Soundings in fathoms, heights in feet. 
Observation Spot: Lat., 62° 32’ 44’’ N.; Long., 70° 34’ 50’ W. 


Ashe Inlet, Big Island, north side of Hudson Strait. Pendulum 
apparatus in low stone and turf hut northwest of Hudson Bay Expe- 
dition house on east side of Inlet. Magnetometer 23 meters west, 
and § meters north of house. Position of latter marked by drill hole 
2 cm. in diameter in bed rock, Figures 4 and ga. 
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Godhavn, Disco Island, Greenland. Magnetometer was located 
between the Inspector’s and the Governor’s houses, on slope of rocky 
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side of Watson’s Bay as shown on Admiralty plan No. 2,382. 









ledge. It was quite 
near the flagstaff and 
garden probably re- 
ferred to in descrip- 
tion of previous sta- 
tions. Position marked 
by a hole 2 cm. in diam- 
eter drilled in bed rock, 
Figure 5. 

Watson's Bay, God- 


havn. Harbor, Green- 
land. This magnetic 
Sxercn Swommecocaron station was located 


MAGNETIC STATION 
a 


GOOMAVEN across the harbor from 
GR. . 
a Godhavn, on a slight 
AE.Buaron 
promontory on _ west 
Posi- 


tion marked by a hole 2 cm. in diameter drilled in bed rock, Figure 6. 


Umanak, Green- 
land. At Umanak 
village on the small 
island and in the 
district of the same 
name. Pendulum 
apparatus on ground 
floor of building 
known as ‘“Gamle 
Prestebolig.”” Mag- 
netometer in open 
space south of 
church. Position 


marked by hole 2 cm. 
in diameter drilled in 
outcropping ledge 
of rock. The north 
and south meridian 
stations at Umanak 
were on the cliffs 


Fig.6 
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in the meridian of the meridian telescope, 194 meters and 105 meters, 
respectively, north and south of the principal magnetic station, and 
were each similarly marked by drill holes in the rock, Figure 7. (For 
general vicinity see Admiralty chart No. 276). 

Niantilik, Cumberland Sound. On a small island on the south- 
west side of Cumberland Sound, and lying just west of the anchor- 
age known as Niantilik or Winter Harbor, and about eight kilometers 
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(five miles) south of the whaling station and Eskimo settlement at 
Umanaktuak or Blacklead. Pendulum apparatus was located in a tent 
on a low rocky point projecting from near the center of the southeast 
side of the island, and nearly south of the little sailors’ cemetery by 
which the island may be identified. Magnetometer about 22 meters 
southeast of pendulum station. Latter point marked by hole 2 cm. 
in diameter drilled in gneiss rock, Figure 8. (For general vicinity 
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see map by Dr. Franz Boas, in Petermann’s Mitteilungen, Vol. XVII, 
No. 80, 1885, Figure 82.) 

SEcTION 4. Geographical Positions and Elevations. —The adopted 
values for the latitude, longitude, and elevation of the stations are 
given in the final tables of results (E and K). Except for Niantilik 
and Umanak, the latitudes are taken from the best available sources, 
such as records of previous observations, or from charts. At Nian- 
tilik, the latitude is from an adjustment of morning and afternoon sun 













§ 
< 
3 
af Fig.8 
i 
. > ‘ 
“ets 33 \ 
Lk 5 § \ 
a, g . 
° s 
a i ; \ Apendutum and, 
a z KS q ar Stations 
droneane FOSMRA =. 978% -------- m fron Bolt a 
*, oe ater 4 the , ~ 













Searcn o aaane, ies 
. , Rental : 
— 
‘ ~ 
ie 
Me 
nN 
\ 
\ 
go ge a Yd 
ed % c 
., Lf be 8) \ 
a a Seren Swowe Locarion ” 
\ / MAGNETIC AND Penoucum STATIONS 
a a apie adil 


ar 
N/IANTILIK on WINTER HARGOR 
CumBaEeR.ANnn Sound 


AE Burton 
observations for azimuth, checked by a rough sun observation at noon. 
At Umanak, observations of four pairs of stars on two nights were 
made with Meridian Telescope No. 13, using Talcott’s method. The 
details of this determination are given in Section 17. 

The longitudes of all the intermediate stations have been computed 
from the three chronometers, Numbers 1,823, 1,842, and 177, which 
were carried on the expedition, and are based on Sydney, Cape Bre- 
ton, as a starting point, and Washington, D. C., as an ending point. 
The stationary rates were determined at Sydney, Umanak and Wash- 
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ington, and the traveling rates computed for the balance of the time. 
The local time for comparison with the chronometers was obtained at 
Ashe Inlet and Umanak, from star observations with the meridian tele- 
scope, and at the other points from the sun observations made with 
the theodolite magnetometer. The longitude results cannot be con- 
sidered as very reliable for several reasons; the longitude of Sydney 
is uncertain, probably by a second of time; the chronometers were 
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Fic. 8A. SKETCH OF A PORTION OF CUMBERLAND SOUND, SHOWING VICINITY OF 
MAGNETIC AND PENDULUM STATIONS OF 1896. 


From map by Dr. Franz Boas, Petermann’s Mitteilungen, Vol. 17, Ergdnzungsheft No. 80, 1885. 


subjected to a considerable variety of temperature and other condi- 
tions, including the jarring effect when pushing through the ice during 
many days; there was a long railroad journey from Sydney to Wash- 
ington before they were last rated; and the magnetometer theodolite 
time determinations may be uncertain by several seconds. Neverthe- 
less, the results by the three chronometers are fairly accordant, and 
agree well with previous values except for the two Greenland stations. 
The following table (A) gives the results by the three chronometers, 
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and a comparison with previous values. Because of its unsatisfactory 
performance, a weight of only one third is given to the results by 
chronometer 177. It will be noted that the discordances at the two 
Greenland stations between different authorities are considerable. At 
these two, the values determined in 1896 have been adopted, while at 
the other points the means of the present and earlier results have 
been used. In Section 18 is given as an example the computation 
of the longitudes by one of the chronometers. 

The elevations of the pendulum stations were determined by hand 
level, using a Casella pocket alt-azimuth instrument. This instrument 
was found very convenient for the approximate leveling which fully 
answers the requirements of this work. Using as a base the height 
of the eye above the ground, picking up some natural object in the 
same horizontal plane, and following up grade in this manner, the dif- 
ference in elevation to the nearest foot of points not distant may be 
obtained by one person almost as fast as he can walk between them. 
The mean sea level to which the elevations are referred was obtained 
by rough tidal observations, the mean of succeeding high and low 
waters being taken. 


TABLE A. 


SUMMARY OF RESULTS FOR LONGJTUDE AND COMPARISON WITH PREVIOUS VALUES. 





Loncitupe West oF GREENWICH. 





Previous val- 
Station. Reference point. Chronometer. ues of 


longitude. t 





1823. | 1842. 























177. Weighted 

Weight 3. | Weight 3.| Weight. | mean. 

h. m. s. lh. ns. hm: S. fm 6, | Bom. « 
Turnavik, Labrador . . . . | Magnetic station. 3 57 22.2 | 3 57 20.6] 3 57 24.5 | 3 57 21.8] 3 57 20.4 (1) 
Ashe Inlet, Hudson Strait. . | Meridian telescope. 4 42 22.5 | 4 42 24.0] 4 42 26.3 | 4 42 23.7| 4 42 18.6 (2) 
Godhavn, Greenland. . . . | Magnetic station. 3 34 04.8] 3 34 05.2 | 3 34 03.0! 3 34 04.7 {3 . “s {3} 

aie 8 

Umanak, Greenland . . . . | Meridian telescope. 3 28 34.0 | 3 28 32.8] 3 28 33.2 | 3 28 33.4 {3 re ie 8} 
Niantilik, Cumberland Sound. | Magnetic station. 4 25 17.6| 4 25 22.2| 4 25 13.3] 425 19.0] 4 25 17.6 (7) 
Sydney, Cape Breton.*. . . | Magnetic station, 1881.] 4 00 42.8 | 4 00 45.8 | 4 00 28.8] 4 00 42.1] 4 00 46.9 (8) 











* Sydney is included here only as a check. These longitudes are based on Sydney as a starting point, and 
Washington as an ending point. 

t References for the previous values given. 

Numbers 1, 2, 4, and 6, from British charts and plans. 

Number 3. Bowditch, Practical Navigator. 

Number 5. Meddelelser om Grénland, 4th part. 

Number 7. Dr. Franz Boas’ map. 

Number 8. U. S. Hydrographic office chart. 
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Part II. MAGNETIC OBSERVATIONS. 


SecTion 5. Magnetic Instruments and Constants. — A portable 
magnetic outfit was used, consisting of dip circle and magnetometer 
belonging to the Coast and Geodetic Survey. The dip circle (No. 
4,655 by Casella) was of the ordinary Kew pattern, suited for work in 
high latitudes, with the supports for the needle horizontal, so as to 
permit of reading dips near 90°. It is shown in Figure 9. Its dimen- 
sions were horizontal circle 12.2 cm., vertical circle 14.4 cm. The 
magnetometer (No. 19) was one of the new instruments constructed 
at the Coast and Geodetic Survey Office in 1893, and is shown in 
Figure 10. It is of the general form long used in this country, and 
differing somewhat from the Kew magnetometer. It is a combination 
magnetometer and theodolite ; the magnet box and attached small the- 
odolite may be quickly removed from the base and horizontal circle, 
and replaced by the theodolite for determining the azimuth from the 
sun or otherwise. These new instruments have a horizontal circle of 
11.2 cm. diameter, and vertical circle 9.8 cm., and have several im- 
provements in detail greatly increasing the convenience of their use. 
The magnet is octagonal in shape, and is held in a similarly shaped 
stirrup, thus facilitating its reversal to obtain the axis. The suspen- 
sion fibers (usually two fine silk fibers) hang from the adjustable tor- 
sion head at the top of the glass tube above the magnet box, and 
are attached to an arm extending upward from the stirrup. By this 
method the point of suspension is so high above the center of gravity 
of the magnet that the latter is little affected by dip, and will hang 
sensibly horizontal in ordinary latitudes. The principal magnet (19L) 
is a hollow steel bar about 7.4 cm. in length, and 1.1 cm. between 
opposite faces. It has a graduated scale in one end, and in the. other 
a lens of such shape as to bring the scale into focus in the small 
observing telescope when the latter has the proper focus for a distant 
mark. This telescope is mounted eccentrically on the same support 
as the magnet box, and is provided with collimation and wye adjust- 
ments. The terrestrial reference mark may be observed with this 
telescope directly through the box, by lowering the magnet out of the 
way, turning aside the glass window at the further end of the box and 
lowering the light reflector outside. The hood between the end of 
the telescope and the magnet box enables the latter to be entirely 
closed against air currents when the magnet is being observed, and at 
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the same time renders it possible to observe both magnet and mark 
without looking through glass windows of any sort. For removing 
the torsion of the suspension fiber, a brass bar of the same weight as 
the magnet is provided. To support the magnet when it is used as a 
deflector, there are arms (not shown in the illustration) which are in- 
serted beneath the magnet box, and which have a slider which sup- 
ports the deflector at the height of the auxiliary suspended magnet, 
and at any desired distance. 

The constants of this magnetometer and of magnet 19L were deter- 
mined by the writer in December, 1893, as follows (in C. G. S. units) : 


Scale value magnet (19L) 1 division = 2./00 of arc. 
Corrected distance on deflecting bars, at mark 35 cm. = 35.020 cm. 
Corrected distance on deflecting bars, at mark 49 cm. = 49.020 cm. 


Temperature coefficient g = 0.00049 for 1°C. 
Induction coefficient = 0.0125. 
Distribution coefficient P=— 455. 


Moment of inertia at 10.°95 C. M/= 178.38. 


These values were used in the computations, excepting that for P. 
This coefficient was computed from the present series of observations, 
with the result P = — 3.80. The mean of this and the preceding 
determination, or P = — 4.18, was used. 

For fear that the great dip in these high latitudes might affect the 
horizontal force determinations by drawing the oscillating magnet out 
of the horizontal plane, in some of the observations at Ashe Inlet, 
Godhavn, and Umanak, the south end of magnet 19L was weighted 
with a small copper balancing ring, whose weight was 0.349 grams, 
outer radius 14.0 mm., inner radius 12.0 mm., length 0.9 mm. At 
Ashe Inlet and Godhavn the distance from center of ring to center of 
magnet was 20 mm., and at Umanak 22.5 mm., the endeavor being to 
so place it as to make the magnet horizontal. For the first distance, 
the moment of inertia was computed to be 1.693, and for the second, 
2.064, using the formula J = W [} (4? + 2241 + 4,7) + } (n? + 17?)], 
where 7, is outer radius of ring, 7, inner radius, x2 distance center of 
oscillation to outer end of ring, and 4, to inner end. Where the bal- 
ancing ring was used, its moment of inertia must of course be added 
to that of the magnet and stirrup, in the formula for time of oscilla- 
tion. A comparison of results for the horizontal component of the 
earth’s magnetic force (7) from observations on the same day, made 
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with and without the balancing ring, indicates that the error due to 
lack of horizontality is at least very small. 


Results for A (in dynes). 


With ring. Without ring. 
Godhavn, August 3... . . 0.0819 0.0819 
Umanak, August 14 . . . . . 0.0783 0.0782 
Umanak, August 15 . . . . . 0.0783 0.0782 
Umanak, August 18 . . . . . 0.0791 0.0792 


Besides the magnetic instruments proper, the chronometers and 
other auxiliary instruments belonging to the pendulum apparatus were 
used when required. The observing tent, which was suitable for astro- 
nomical or magnetic work, was used for the latter purpose at only one 
point (Umanak). At the other points the magnetic instruments were 
in the open air, either because the time was too short, or the tent was 
otherwise employed. Several times this arrangement was not satis- 
factory because of the high winds and otherwise unfavorable weather. 

Section 6. Magnetic Observations and Computations. — For the 
complete determination of the three magnetic elements, declination, 
dip and horizontal force, the system generally employed in the field 
work of the Coast and Geodetic Survey with portable instruments 
was followed. Illustrative examples (taken from this season’s work) 
of each of the steps involved, both in the observations and computa- 
tions, are given in Part IV of this report, Sections 19-22. Complete 
instructions for such observations, adjustments of instruments, etc., 
are given by Mr. Schott in Appendix No. 8 of the Report United 
States Coast and Geodetic Survey for 1881. The theory of the vari- 
ous corrections involved (with the exception of that for induction?) is 
given by Professor Nipher in his little volume on the “Theory of Mag- 
netic Measurements.” 

The operations included in a complete day’s observations were as 
follows, about in the order named: 1. Early in the morning, reading 
of the horizontal magnet at intervals of about fifteen minutes to ob- 
tain the easterly elongation, which occurs between 7 and 9g A.M. in 
ordinary latitudes, but is quite variable in these northern regions. 
The positions of the magnet were of course referred to some terres- 








For this, reference may be made to Report Coast and Geodetic Survey for 1869, App. 
No. 9, p. 200; also Proc. Royal Society of London, 26, p. 221; also Lamont’s ‘‘ Handbuch 
des Erdmagnetismus,”’ p. 152. 
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trial mark which was observed before and after the magnet readings. 
2. Observations of the sun’s azimuth and altitude (near the prime ver- 
tical if possible) to obtain the azimuth of the mark, usually made dur- 
ing some interval of the declination observations. 3. Determination 
of the axis of the magnet by alternate readings in direct and inverted 
position. 4. Determination of the time of oscillation of the magnet. 
5. Measurement of the angle of deflection of the auxiliary magnet, as 
caused by the principal magnet at right angles to it, usually two sets 
at different distances, and followed if time permitted by another set of 
oscillations. 6. Determinations of the dip, complete sets with two in- 
dependent needles. 7. Commencing about noon horizontal magnet 
readings, repeated at intervals of about fifteen minutes, to obtain the 
afternoon westerly elongation which occurs in ordinary latitudes from 
1to2p.Mm. 8. Sun observations for azimuth repeated late in the after- 
noon, for the reason that a combination of morning and afternoon azi- 
muths eliminates the effect of an uncertainty in latitude. 

Weather conditions and the limited amount of time available, ren- 
dered changes and curtailments of this program necessary in some 
cases. In others the plan was enlarged, the observations extended to 
two or three days, and the declination observations continued at some- 
what irregular intervals throughout the day. At the northern stations 
it would have been of interest to continue the latter throughout the 
twenty-four hours to study the daily changes in declination, but this 
was not practicable with the other work on hand. At Umanak the true 
meridian was derived from a meridian line laid out with the meridian 
telescope. At Turnavik, Ashe Inlet, and Niantilik (second observa- 
tion) only oscillation observations were made to determine the hori- 
zontal force. These were treated relatively, comparing the time of 
oscillation of the magnet at each of these stations with that at both 
the preceding and following stations where the force was completely 
determined, and allowing for the progressive change in the magnetic 
moment of the magnet. The rates of the chronometers for reducing 
the oscillation observations were obtained from the star observations 
with thé meridian telescope in connection with the pendulum work at 
Sydney and Umanak, and for the remaining stations were derived from 
the intermediate traveling rates of the chronometers. 

Section 7. Results of Magnetic Observations. — The results of 
the magnetic observations for the different elements separately and 
for each day of observation are given in Tables B, C, and D, anda 
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general summary of all the results is given in Table E. In Table B, 
when the extreme declinations observed were assumed to be the elon- 
gations for the day, they are indicated by an asterisk (*), and in such 
cases the mean of the two elongations is taken as the mean declina- 
tion for the day. When because of lack of time it was impossible to 
obtain these elongations, the declinations have been reduced to the 
mean of the day from such comparative data at other stations as was 
available, the references being given in the footnote. Where the decli- 
nation observations were made more or less continuously, covering any 
considerable part of the day, the average declination for this interval 
is given in the table, this average being obtained graphically by plot- 
ting the observed values. For five days, on each of which the read- 
ings covered an interval of about twelve hours, the results are shown 
in the diagram (Figure 11), plotted to the same scale for the different 
places. The diagram for Niantilik indicates a considerable magnetic 
disturbance on the date of observation, as was also very apparent when 
the observations were in progress, for the needle would frequently 
move out of range of the telescope, necessitating the changing of the 
azimuth circle. There was a change of over three degrees in twenty 
minutes; at 7h. 35m. A.M., the needle pointed 60° 35’ W. of N., 
while at 7h. 55 m., it pointed 63° 50’ W. of N., and the total range 
for the day was over four and a half degrees. Such disturbances, 
however, are not unprecedented in Arctic experience! An inspec- 
tion of the magnetograph records? of the United States Naval Obser- 
vatory at Washington, for the dates corresponding to those on which 
observations were made at the northern stations, shows that there were 
no considerable magnetic disturbances at these epochs, excepting on 
September 18, 1896. On this date there was an unusual magnetic 
storm, the extreme range in declination at Washington being 38’ for 
the entire day, and 19! for the portion of the day corresponding to 





1In The Manual of Natural History, Geology and Physics of Greenland (London, 1875), 
it is stated that McClintock observed a change of 15°, and Sir Edward Belcher noted a dis- 
turbance of 27.°6 accompanying an aurora. 


2 Copies of these records for the dates in question were furnished by Commodore Phy- 
thian, Superintendent of the Naval Observatory. 
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Magnetic Declination , West of True North. 
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the interval during which observations were made at Niantilik. The 
tracing for this latter interval is shown in Figure 114, reduced to the 
same scale as is used in Figure 11, and there is also given the curve for 
part of a more normal day, July 26, the date on which observations 
were made at Ashe Inlet. It will be noted that the range in declina- 
tion at Niantilik was nearly fifteen times as great as at Washington 
during the same interval. As the diagrams for the northern stations 
are plotted from individual observations at irregular intervals, they are 
of course not comparable in detail with the continuous Washington 
records. The last column in Table B gives the diurnal range for the 





Magnetic Declination, West of TrueNorth 





Fic. 114. DIURNAL CHANGES IN DECLINATION AT WASHINGTON, D. C. 


days on which elongations were obtained. These ranges cannot be 
considered as average values for the respective localities, being pos- 
sibly affected by abnormal conditions on these particular days, as is 
evident in the case of Niantilik. At Umanak, Godhavn, and Sydney, 
declination observations were made at two or three neighboring points. 
At Sydney, the difference between the station of 1896 and Very’s 
(1881) was insignificant for dip as well as for declination. At Uma- 
nak! the westerly declination increases about half a degree in going 





? A considerable number of compass observations of declination were made about Uma- 
nak Fjord by Danish officers (Assistant Steenstrup and Lieutenant Hammer) in 1878 and 
1879. The following passages translated from “ Meddelelser om Gronland,” 4th Part, p. 177 
(Copenhagen, 1883), give some instances of the irregularity of the declination noted by them 
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from one to two hundred meters either north or south from the princi- 
pal magnetic station. Near Godhavn the declination is slightly greater 
across the harbor at Watson’s Bay than in the village, though the dif- 
ference is not so great as was indicated by the English observations in 
1875, which may have been made in somewhat different localities. 

The total force (F) in the last column of Table E is derived from 


fl all 


the horizontal force (#7) and dip (@) by the relation F = 7 





the results for H, 7, and m are stated in C. G. S. units. 





in this region: “It is a familiar saying that the magnet needle on these shores is nearly dead, 
and that the magnetic declination, especially in trap rock regions, is so variable that for geo- 
graphical measurements it is necessary to determine it for every bearing, for it changes with 
every setting up of the compass. Thus a small movement, only some few feet, effected on 
the Shades Islands a change of 5° in the measured declination; indeed, at Igdlorsuit upon 
Ubekjendt Island a movement from the houses up to the top of the mountain about 1,500 
feet high, lying about 2,000 feet away, was sufficient to change the declination from 74.°o to 
34.°9. . . . In gneiss regions the local effect is not near so strong, but while the trap gener- 
ally causes greater declinations than one would expect from the geographical position, gneiss 
on the contrary not unusually appears to give less declinations.’’ It is further remarked that 
normal conditions can often be found only upon the ice. 








81 


219%} wWolg 
yep Ag 
-more ‘(g ‘ddy ‘1ggt ‘yaoday “sg “5 puke ‘d) OJUOIO, 103 suoT{daI1109 Jo B[qQu} WOIY 


‘gz saquiajdag ‘Aeuphg 9 “yeuRUIE 3 suOTeAsaSqo ,skep 90143 YITM UOSTIEdUIOD Ag 
‘Iz ysn3ny ‘uvipueul “NY pue “Ss ‘yeuULUI_) “yeaRUTE) wv SUOT}EAIaSqO ,sAep 9014} YIIM UOSLIL 


‘Ir J9 
woo Ag 








*OJUOIOT, 10} SU0T}DZII09 JO 
uraidag ‘uavypor ‘yeueEry ‘uone}s SHeUseW pedroULd YIM UOSLEdUIOD 


*€ ysn3ny ‘Avg s,uosjeqy pue UAeYpOd “fy Ul sdUaZEyIp 103 Bur 
*YIABUIN], : SMO[[OJ SY POALIOP 919M UONLUIPepP ULI O} BNP 0} SUOTIIAII0D BUT, + 
“UON}II4109 AIAN yoy ‘Aep 9y} Joy UHeUTpep UvIUT dy} SY UdHe} SI UBIU JOY} ‘pauTe}qo J19M SUOTJESZUOTA VSe4} F194 AA 


“Sep 24} 10j Ajaarsedsas suonesuoye U19}SIM PUL U1I}S¥9 OY} 9q 0} SAN[BA PIAJISqO 19Yj}O BY} 0} UOIZL]I41 JI9Y} WIJ POUINSSY JIM SNY} PSyYILU SUOTJLUTPIIP SUIII}XI BY Ty 













































































eore €-Ss bz LoS bz | ‘wd Sz b . hh Da Cuee sate gz ydag] * (1ggt uoneysg) “Aoupsg 
ibe v bzS zz 6S zg ‘W'd Ob € Op ‘W'v SES ‘W'v oF IT ai'Sf 09 ‘wiv SE Z gi ‘3deag ‘ s 8 8 * MMUeTAT 
td gtr f9 HE fg ‘W'd Of gQ 0} ‘W'd 00 & ‘W'd OZ 9 o'br £9 ‘w'd Loz 11 ‘ydasg 2 SS ® ae 
; “ves o'gt to ogo Sg ‘W'd 00 9 seco 1z-‘3ny | * uvipusy ‘N ‘yeueup 
x vess o'St tg S:Lo Sg ‘W'd Of § afi loss 1z-‘3ny | ° uvIpiay ‘Ss ‘yeuewyE 
‘S gS o 611 +9 cooweees PPrrerrre rey) eoccccce sees eesccess “uve sor oss + yeuearg 
S “er SzS £9 £bo to ‘wa So g oy ‘wv SS S ‘W'd 00 9 #t'9t £9 | ‘w'v So 11 gi ‘3ny +96 at Se 
2 S°ZS 0 oS to g°61 t9 ‘W'd $0 6 0} ‘W'V 0% 9 ‘W'd 00 & a9'9h f9 ‘wv of Z $1 ‘3ny oes * * eee 
S g'zbo 6'Lz t9 8'9% t9 ‘"W'd 00 9 OR ‘WV LE 9 ‘W'd Of Z #9°9° ¥9 ‘wiv Si Z br ‘Zny + 0 |. ¢%. ee 
SN eee 690 £9 z‘zr £9 | ‘w'v So or eecccees ecccccce eeccccee € -‘Sny + + + keg suosyeay 
s es g'tb z9 Sf zq | ‘W'v Iz 6 0} ‘WV go z ‘wW'v to 6 gf fg ‘wv 21 € £ ‘3ny * * * * * UABypoy 
q €11 z o'S€ €$ 6Sb €S ‘W'd gt & O03 ‘W'v Zo 9 ‘W'd gO I P62 cS "w'v €z o1 gz Aint ‘ * * * yaruy oysy 
ny eee voz gt M — . =. 0} baie ‘ ‘W'd £0 ZI zlr gf | ‘wv &Sg oz Aine ‘+ 0-6 Gee 
~~ tz1 0 eS bz Svieaesew ee ereyer TTT e sbewewas ecccecce evoeceee “ues (96g uoNes) ‘kauphs 
Ss iro SS be eteeeeee Goeecececce 00 ‘Wa 00 & «9'Oh bz ‘wv $b g fx Ain (96g uoners) ‘Aoupsgs 
2 6°61 o b1S tz eraspees SeSe ReseReeeae ‘Wa Str ghib bz ‘wv oF Z 11 Ane (96g1 uolje}g) ‘Asupdg * 
8 — Pe indies Sih ci eesbans semen la dmw looks bin te eae 
& aes 1 0 li | n-) i | 
2s 2.3 2 c. : = = 
ge g 5 5B e8 SUIT} ULI [eVI0'T B oe 2 ry ee 
. E 3 85 *pepnyout feasajuy g 3 s 3 (THD) ‘NOILVLS 
o £ Ba e 5 a ‘"aLVG 
4 & an “NOILVAUMESHO AO ANI . $ w% - 5 . ” sv" 
3 c +? onrang aot var DEC povinay AWHULXY ATUBLST A HWHYLXY ATARLSVY 
“SNOILVAUGSIO NOILVNITIOACG OILANOVAT AO SLIASAY AO AYVWWNNS —'*g ATIAV.L 
Sou itl — 











G. R. Putnam. 





TABLE C.—SuMMARY OF RESULTS OF MAGNETIC DIP OBSERVATIONS. 















































Macnetic Dip. - . 
: Date. Epoch. ean of two | Difference. 
Station. 1896. | Local mean time. needles. | No. 1-No. 2. 
Needle No. 1. | Needle No. 2. | 
| | 
‘ -. ° ' ° ’ | o ' ’ 
Ss Geeks... ees 5 36P.M 73 53-2 N. 73 549N.!| 73 54.0N —1.7 
2. Sydney. (Sta. 1896.) | July 11 Ir 50 A.M 74 40.8 74 40.0 74 40.4 8 
Sydney. (Sta. 1896.) | July 13 tr 16 A.M __ 74 37-2 __74 36.4 | 74 36.8 A 8 
Sydney. (Sta. 1896.) | Mean. | ~—....---- 74 39.0 74 338.2 74 38.6 . 
| 
3. Turnavik uly 20 Ir 19 A.M 79 32.9 79 28.8 79 30.8 +41 
4. Ashe Inlet. uly 26 12 09 P.M 83 54.0 83 59.6 | 83 56.8 —5.6 
5. Godhavn Aug. 3 5 14 A.M 81 47.2 81 46.5 | 81 46.8 +0.7 
7. Umanak Aug. 14 6 54 P.M 82 03.2 | 82 o1.7 | 82 02.4 +15 
Umanak Aug. 15 1r 16 A.M 82 04.0 82 00.5 82 02.2 +3.5 
Umanak Aug. 18 9 26A.M 81 55.6 | 8 _ 55.9 81 55.8 —0.3 
Umanak ae errs ye 82 00.9 | 81 59.4 | 82 oo.1 wees 
5. Godhavn . | Sept. 11 4 34P.M 81 40.2 | 8t 41.0 81 40.6 —o.8 
10, Niantilik . . . . | Sept. 18 10 42 A.M 83 55.0 |} 83 54.5 83 54.8 +0.5 
tr. Sydney. (Sta. 1881.) | Sept. 26 4 §2P.M | 74 35.8 | 74 38.2 74 37.0 2.4 
TABLE D.—SuMMARY OF RESULTS OF HORIZONTAL FORCE OBSERVATIONS. 
_ Date, 1896 Epoch. Horizontal magnetic Magnetic a of 
— , * | (Local mean time.) | force H. SBARDEL T9Ks. 
| m at 16°.7 C.# 
h. m. Dyne. 

1. Halifax July 6 4 24 P.M 0. 1631 418.5 
ee July 6 4 30P.M 0. 1633 418.1 
ees, URE). 1 esesy dT Nee 0.1632 418.3 

2. Sydney July 1 10 25 A.M 0.1548 416.3 
Sydney iy 11 10 32 A.M 0.1546 416.5 
Sydney uly 13 9 48 4.M 0.1548 416.6 
eyonep . +... July 13 10 08 A.M 0.1548 416.4 
eS a a 0.1547 416.4 

3. Turnavik . July 20 10 44 A.M | a; er 
Turnavik . ‘ July 20 11 48 A.M 0.1074 aoe 
Turnavik. (Means.). | 3 .---- | en eeee rn ne 

4. Ashe Inlett . July 26 Il 24 A.M 0.0637 ¢ . 

5. Godhavn . Aug. 3 2 58 A.M 0.0819 t 413.6 
Godhavn co Aug. 3 3 21 A.M 0.0819 413.7 
Godhavn. (Means.). | ..... oe 0.0819 413.6 

7. Umanak Aug. 14 10 32 A.M 0.0782 413.1 
Umanak Aug. 14 11 18 A.M 0.0783 ¢ 412.3 
Umanak Aug. 15 9 17 A.M 0.0783 ¢ 411.7 
Umanak Aug. 15 9 32 A.M 0.0779 410.0 
Umanak Aug. 15 10 14 A.M 0.0785 411.9 
Umanak Aug. 18 6 35 P.M 0.0793 410.5 
Umanak Aug. 18 7 13 P.M 0.0791 ¢ 411.5 
Umanak pene Aug. 18 7 26P.M 0.0790 411 
ee eS ee ee ee ers 0.0786 ~4Ihs 

5. Godhavn Sept. 11 3 15 P.M 0.0825 412.6 

10. Niantilik . Sept. 18 6 47 A.M 0.0653 410.1 
Niantilik . aia oe Sept. 18 2 57 P.M SS a | ee, 
eS Pee eee ee (ye 0.0660 Bu ct ee 



































*The magnetic moment of this magnet as determined in December, 1893, soon after the completion of the 
instrument, and before its use in the field, was 491.3 at 16.°7C. 
t Only a portion of a set of oscillations was obtained at this station. 
+ In the observations marked thus, the south end of the magnet was weighted with a small balancing ring. 
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SEcTION 8. Comparison with Earlier Magnetic Observations. — 


In Table F is given a collection of former magnetic observations made 


at or in the vicinity of these stations.1_ For many of these points it 


is probable that this data is quite incomplete, for results of this nature 
are published in a wide range of local literature often difficult of ac- 
cess. With the exception of Halifax and Godhavn the observations 
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SECULAR CURVES, REPRESENTING THE MOTION OF THE NORTH END OF A 
FREELY SUSPENDED MAGNETIC NEEDLE. 





are scarcely complete enough, nor do they cover a sufficiently long 
interval of time to give satisfactory analytical expressions for the secu- 
lar variation of the declination and dip. For most of the stations, 
however, the data is sufficient to clearly indicate the present tendency 
in the change of the magnetic elements. It appears that at all these 
points (omitting Niantilik, for which no earlier information was found) 





* The writer is indebted to Dr. L. A. Bauer, editor of ‘‘ Terrestrial Magnetism,” for in- 
formation in regard to some earlier observations. 
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the westerly declination is diminishing, the northerly dip is diminish- 
ing, the horizontal force is increasing, and the total force is decreasing. 

Analytical expressions for the change of declination and dip for 
Godhavn and Halifax! were derived from the results given in Table F, 
after applying an estimated correction to the observations at Whale- 
fish Islands to refer them to Godhavn. With these formulas the dec- 
lination and dip were computed for each tenth year, and the curves 
shown in Figure 11B plotted, representing the motion of the north 
end of a freely suspended needle (half length 61 cm. or 24 inches) as 
viewed by an eye at the center of the needle. This method of repre- 
sentation shows the movements in declination and dip in their proper 
relation. For both these stations the motion of the needle is in a 


clockwise direction, thus agreeing with the general law deduced by 
Dr. L. A. Bauer.” 





* Mr. Schott has derived the following expression (which was used) for the change of the 
magnetic declination at Halifax: D = -+ 16°.18 + 4°.53 sin (1°.0 m + 46°.1) where D is the 
declination at a desired time, ¢ expressed in years and fractions of a year (+ for westerly dec- 
lination), and m = ¢— 1850.0 (Report U. S. C. and G. Survey for 1888, App. No. 7, p. 224). 
For 1896-7 this formula gives D = 20° 42/ W., differing only 3/ from the observed value. 

*“ Beitrage zur Kenntniss des Wesens der Siacular-Variation des Erdmagnetismus,”’ 


Berlin, 1895; also ‘‘On the secular motion of a free magnetic needle,’’ Physical Review, 
Vol. II, No. 12, Vol. III, No. 13. 
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Fic. 12. MERIDIAN ‘TELESCOPE. 





Fic. 13. PENDULUM APPARATUS, GENERAL VIEW. 
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Part III. PENDULUM OBSERVATIONS. 


SEcTION 9. Instruments for the Measurement of the Relative 
Force of Gravity. — The apparatus belonging to the Coast and Geo- 
detic Survey used for this purpose, was nearly the same as was em- 
ployed in recent work in the United States, and more particularly in 
the trans-continental series of observations in 1894. 
the following : 

Meridian Telescope No. 13 (Figure 12), aperture 5.1 cm. ; focal 
length, 65.8 cm. ; magnifying power, 46. This is a very portable com- 
bination instrument with folding frame, and is suitable for either time 
altitude or azimuth observations. 

Chronometers Nos. 1,823 (sidereal), 1,842 (mean time), and 177 
(mean time). All were provided with electrical break-circuit attach- 
ments, for use with the pendulum flash apparatus; also with con- 
densers to prevent sparking. 

Pendulum apparatus “A” (Figures 13 to 22) comprising three in- 
variable half-second pendulums 44, 45, and A6, one dummy or tem- 
perature pendulum, an air-tight brass case, thermometers, manometer, 
air pump, flash apparatus, dry cells, and weight, pulley and microscope 
for measuring flexure. There was also a small astronomical observing 
tent in which the meridian telescope was mounted. At one point a 
small circular tent was used for the pendulum apparatus. 

The essential requisite in pendulum observations for the measure- 
ment of the relative force of gravity, is the determination of the 
period of oscillation as precisely as may be, and also of all the vari- 
able conditions that affect that period. Because these conditions can 
thus be controlled very much better, this apparatus includes an air- 
tight case in which the pendulums are swung. The pendulums are 
made of an alloy of copper and aluminum, weighing approximately 
1,200 grams each, and having a length of about 248 mm. from center, 
of bob to point of suspension (the three in the set are intentionally 
slightly different in length). Their shape is such as to give them 
strength, and small resistance to the air in oscillating. They have 
an agate plane set in the head which rests on the agate knife-edge on 
which they are swung. This so-called knife-edge is formed by care- 
fully ground planes meeting at an angle of 130°, thus insuring greater 
permanency than could be expected with a sharper edge. The knife- 
edge is set in a solid metal plate (# Figure 15) which is secured to 


It comprised 
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the shelf # in the pendulum case. Asa check in case of injury there 
are two such knife-edges with this apparatus, marked / and //, each in 
its own plate, either of which may be set in the case. Pendulum A4 
was always swung on knife-edge //, and A5 and 46 on knife-edge /, 
the advantage in using several distinct knife-edges as well as distinct 
pendulums being that by the relation between the independent results 
thus obtained, a continual check on the constancy of the instruments 
is furnished. The pendulum may be lowered on to the knife-edge or 
lifted from it without opening the case, by means of the screw g which 
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| Fig l5 | 
Pendulum Case 


presses against the arm 0. This arm is rigidly attached to the frame 
/ which carries two points on its extremity which lift the pendulum off 
the edge, fitting into corresponding sockets in its head. The pen- 
dulum is set in oscillation or brought to rest by the arm 7, which is 
controlled by a lever arm on the outside of the case. There is a scale 
below the pendulum, and a telescope (not shown) mounted on the side 
of the case for reading the arc of oscillation. The case is supported 
by three large foot screws resting on heavy foot plates which are to 
be cemented to the foundation. The case is leveled in the plane of 
oscillation by the pendulum itself as shown by the reading of the tip 
of the pendulum on the scale beneath. In the transverse plane it is 
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leveled by a small level mounted in a short pendulum (Figure 20), 
which may be reversed on the knife-edge. On the opposite side of 
the case and parallel with the swinging pendulum, there is hung a 
«dummy ’”’ or temperature pendulum (Figure 18), so held that it can- 
not oscillate. This dummy is of the same material, mass, and general 
shape as the pendulums, and has mounted on its stem a thermometer 
whose bulb is buried in the stem near the bob, being packed with 
metal filings to bring it into close contact, the endeavor being in this 
way to obtain as near as possible the actual temperature of the swing- 
ing pendulum. Near the dummy is also placed a free thermometer 
and a mercury manometer which shows pressures from 10 cm. down. 
The case is provided with windows on three sides for observing pur- 
poses, and with a removable cover which forms an air-tight joint, with 
a little oil and tallow rubbed on the carefully ground contact surfaces. 
The air is exhausted through stop cocks on the side of the case. With 
the new portable air pump, weighing only about 6 pounds (2.7 kilo- 
grams), the pressure in this case may be reduced to the standard 
{about 6 cm.) in two or three minutes. 

The flash apparatus (shown in Figures 13 and 14) is used in observ- 
ing coincidences between the pendulum and a break-circuit chronom- 
eter, from which coincidences the time of oscillation is obtained in 
terms of the chronometer. The break-circuit chronometer has attach- 
ments so that it can be included in an electrical circuit, and is pro- 
vided with mechanism that will break that circuit at the end of each 
second (or sometimes each even second). The chronometer is made 
to throw a flash of light every second by means of the electro-magnet 
a, the armature d, and the two shutters carried by the end of this 
armature and shown in the enlarged sections (Figures 16, 17). When 
the circuit is broken, the spring % causes the armature d to rise, and 
for an instant the slits in the shutters ¢ and v are in line with the 
slit ir the front of the box z (as in Figure 16), and a flash of light is 
thrown, this light being reflected by the mirror 4 from a lamp mounted 
on the side of the box; when the circuit is closed the shutters in de- 
scending so interfere as to cut off the light (as shown in Figure 17) 
so that the slit is only illuminated for a brief instant at each break of 
the circuit. The flash apparatus carries above it a telescope e¢, and is 
mounted at a convenient distance from the pendulum case in such 
position that the illuminated slit may be seen in the telescope as re- 
flected from a mirror which is carried on the head of the pendulum, 

















Fics. 18-22. 


Dummy or Temperature Pendulum with Thermometer. 
Pendulum and Knife-edge Plate, showing mode of suspension. 
Leveling Pendulum. 

Half-second Pendulum, side view. 

Half-second Pendulum, front view. 
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and which is seen through the window 7 in the front of the case. 
There is also a fixed mirror g attached to the knife-edge plate, but 
adjustable in position. This is so adjusted that the image of the slit 
as seen in the telescope, reflected from the fixed mirror, shall be in 
the same horizontal line and slightly overlapping that reflected from 
the pendulum mirror when the pendulum is hanging freely at rest. 
When the pendulum is swinging, the image as reflected from the pen- 
dulum mirror will change its position relatively to that of the fixed 
mirror as seen in the field of the telescope, because of the fact that 
the pendulum makes a double oscillation in a little more than a side- 
real second, and hence will be found slightly behind its former position 
at the end of each second when the flash is thrown. The moving im- 
age will, therefore, appear to travel up and down across the field of the 
telescope by successive jumps, and coincidences are observed by noting 
the time when the two images are in the same horizontal line. It is 
evident that in the interval between two occurrences of this phenom- 
enon the pendulum has made one less than twice as many oscillations 
as the chronometer has beat seconds, and that in an interval of time 
between the first and last of a number of coincidences, the number of 
oscillations of the pendulum will be twice the number of seconds (s) 
less the number of coincidence intervals (mz), so that the time of a 


: The 





single oscillation is readily derived from the relation P = . 
” 25—n 


elegance of the coincidence method lies in the fact that a small error 
in noting the time of coincidence has little effect on P. At the 
northern stations the period of the pendulums was so shortened be- 
cause of the increased force of gravity, that it closely approached the 
sidereal half second, so that the coincidence intervals would have been 
inconveniently long. Mean time chronometers were therefore used at 
these points. The pendulums are faster than the mean time half sec- 
ond, and therefore gain one oscillation in a coincidence interval, and 
the formula for the period becomes P = a * r 

Section 10. Methods of Observation with Pendulum Appara- 
tus. — The plan proposed to be followed in this work was the same as 
that used before, to begin the swings of the pendulum immediately 
after star observations for time were obtained, and to end them after 
star observations forty-eight hours later, or in case these failed, to 
continue until time observations were obtained. This plan permit- 
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ted of the making of six swings each eight hours in length, each of 
the three pendulums being swung in reversed and direct positions. 
Unfavorable weather and other conditions, of course, modified this 
plan ; thus at Umanak and at Washington in June the swings were 
continued for four days because the time observations were lost on 
intermediate nights, and at Ashe Inlet and Niantilik but three swings 
covering a single day were made, and no complete time observations 
were obtained. An example of the observations and computations for 
a single swing is given in Section 24. The pendulums were swung 
under as nearly uniform conditions as possible at the various stations. 
The pressure in the case was reduced to about 60 mm., the total arc 
of oscillation to commence with was about 53’, falling off to about 20! 
at the end of the swing, and the apparatus was mounted on stable 
foundations, and when practicable in places where the variations of 
temperature would be small. In general, two chronometers were used, 
coincidences being noted alternately with each by means of a suitable © 
switch arrangement. Only sufficient coincidences were observed at 
the beginning and end of the swing, so that the total number which 
had occurred might be correctly estimated. Intermediate coincidence 
and temperature observations were made when the variations in condi- 
tions were large. Since with the small arcs used the movement of the 
image from second to second is slow, the times of contact and separa- 
tion between the moving and fixed images were noted, and the mean 
taken for the time of coincidence. To eliminate possible errors of 
adjustment, coincidences were observed with the image moving in 
opposite directions, “up” and “down,” and all results are based on 
a combination of these. The flexibility of the support was measured 
statically by noting with an independently supported microscope the 
movement of a scale mounted above the knife-edge when a horizontal 
force of 1.5 kilograms was applied in the plane of oscillation of the 
pendulum. This force was applied by having a weight suspended by 
a cord running over a pulley, the other end of the cord being attached 
immediately behind the knife-edge. The movement of the scale in 
microns was noted when the weight was alternately applied and re- 
lieved. The following table gives the support for the pendulum case 
and the flexure at the various stations, the values for Ashe Inlet and 
Niantilik being estimated by comparisons with similar conditions else- 


where. The flexure in all cases was quite small, due to the low and 
solid supports. 
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Flexure 

Station. Support. microns. 
Washington, D.C. . . . . Massive brick pier with capstone . o 1.0 
Sydney, Cape Breton . . . Low brick and cement pier against foundation wall . 15 
Ashe Intet, Hudson Strait, . Bedrock 2... st sect wt we we we « OO 
Umanak, Greenland. . . . Low brick and cement pier on stone floor. . . . . 20 
Niantilik, Cumberland Sound, Bedrock «....64 6 «2 «@ 6 -s ) ss ss « PRG 


Section 11. Time Observations and Chronometer Rates. —The 
chronometer corrections were determined by star observations with an 
astronomical transit instrument set in the meridian, the transits across 
the meridian of about eight stars each evening being observed, half in 
each position of the instrument. An example of one night’s time 
observations and the computation is given in Section 23. At Wash- 
ington a large longitude transit was used and the observations recorded 
on achronograph. At the northern stations a smaller meridian tele- 
scope was employed, and the observations made by the eye and ear 
method, that is, the beats of the chronometer were noted by ear while 
the eye followed the movement of the star across the lines of the 
telescope. The latter instrument was set in the meridian by use of 
a table giving the azimuth and altitude of Polaris for any hour angle.! 
By setting the telescope at the given altitude and moving it slowly 
near the supposed position, Polaris could be readily found, even before 
sunset, and then the angle of its azimuth set off on the horizontal arc 
provided for that purpose. Of course only one chronometer was used 
in the time observations, and the comparisons with the others were 
obtained by noting by ear the coincidences of beats between mean 
time and sidereal chronometers. This is an accurate and convenient 
method, such coincidences coming at intervals of a little over three 
minutes, because of the gain of sidereal on mean time. 

As already mentioned, the time observations at Ashe Inlet and 
Niantilik failed because of unfavorable weather and the limited length 
of stay. The adopted rates at these points were obtained by combin- 
ing the rates at the preceding and following stations and the traveling 
rate, giving equal weight to the chronometers. In each case it is esti- 
mated that the adopted rate is uncertain by at least a second of time, 
which would correspond to an uncertainty of about z5455 in g (or .025 
dyne orcm.). As the temperatures at Ashe Inlet and Niantilik were 
lower than the average, and chronometers usually run slower at low 
temperatures, it is probable that these adopted rates are too fast, and 





*See Appendix 10, Report U.S. C. and G. Survey for 1895. 
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that consequently the periods of the pendulums are too small, and the 
resulting force of gravity too large for these two stations. 
The rate at Ashe Inlet was derived as follows : 








Chronometers. 
1823 S. T 1842 M. T. 177 M. T. 
s. s. s. 

Rate at Sydney, July 10-12 . . +1.62 —0.24 ae 
Traveling rate July 16-October 3 (omitting Umanak, +2.51 +2.17 +3.70 
Rate at Umanak, August 7-August 20... . +2.29 +1.43 +4.82 
Means. . +2.14 +1.12 +4.26 
Rates of mean : time ‘chronometers, derived from ‘above 

average rate of 1823, and comparisons before and 

after pendulum observations . . . a ate +0.80 +4.20 
Adopted rates (weighted mean giving half alicia to 

latter values, so as to give equal effect to all three 

CE) ck Se is we +1.01 +4.24 

The rate at Niantilik was derived as follows : 
Chronometers. 
1833 S. T. 1842 M. T. 
= S. 

Rate at Umanak, August 7-20 . . ae aes we +2.29 +1.43 
Traveling rate, July 16-October 3 (omitting Umanak), . Te ety a +2.51 +2.17 
Rate at Washington, October6-15 . .......... +1.91 +1. 59 
Means. . . +2.24 +1.73 
Rate of 1842 dulled how pre average rate pat 1923 ai com- 

parisons before and after pendulum observations. . . . . . +0.82 
Sin, COE CE 5 ee ee re i Ste 2s +1.28 


Table G gives a summary of the rates of the chronometers which 
were used directly in the pendulum observations at the different sta- 
tions. In some cases two chronometers were employed, and in others 
only one. At Sydney one mean time and one sidereal chronometer 
were used, and at the other three northern stations mean time chro- 
nometers exclusively were used in the-pendulum observations directly. 
This. became necessary because the increase in the force of gravity so 
liminished the period of the pendulums that it approached closely to 
the sidereal half second, and the coincidence intervals with a sidereal 
chronometer would have become inconveniently long, but the pendu- 
lums were enough faster than a mean time chronometer to give con. 
venient coincidence intervals with it. The rates are all referred to 
sidereal time by adding + 236.555 to the mean time rate, as expressed 
in mean time seconds on mean time, after reducing the latter to side- 
real seconds by adding the necessary small correction from Table III 
of the American Ephemerts. 
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TABLE G.— SUMMARY OF CHRONOMETER RATES. 





| 
| Daty Rats on Man | Dairy RATE on SIDEREAL TIME. 














| Time. | 
| (+losing —gaining.) | (+ losing — gaining.) 
Station. Interval. = ants sal 
Chronometer number | Chronometer number. 
7 pra: | 
1842 | 177 | 1842 177 1824 1823 1829 
1896. | Ss. s. s. | Ss. 8. s. s. 
Washington . | June 22-June 26 wees eas J sees | +2.95 
| | 
Sydney. . . | July ro-July x1 —0.29 week +236.26| .... Saas +1.59 
| | | 
Sydney. . . | July u-July 12 | = —o.18 | cote | +236.37 | axes wai +1.66 
| | | 
Ashe Inlet. . . | July 25-July 26 | +1.01 +4.24 | +237.57 | +240.81 
Umanak .. . | Aug. 8-Aug. 11 | +1.48 +4.81 +238.04 | +241.38 
| | 
Umanak | Aug. 11-Aug. 12 | = +1.53 | +4.88 | +238.09 | +241.45 
Niantilik Sept. 17-Sept. 18 |  -+1.28 | ‘ee | 237.84 | 
Washington . | Oct. 15-Oct. 16 ones ieee peue eeee +0.82 | +1.74 
Washington . . | Oct. 16--Oct. 17 paws | sone saat | ena -+0.67 | +1.60 














SECTION 12. Reduction of Pendulum Observations. — The total 
number of seconds between the first and last coincidences in the 
swing is divided by the approximate number of seconds in a coinci- 
dence interval as given by the first and last coincidences observed. 
Then reversing the process, the total number of seconds (s) is divided 
by the total number of coincidence intervals, to obtain the average 
number of seconds in one interval. The uncorrected period (P) is 
then obtained from the relations P = —*° or P= __*_ ac- 

25— 1 25+ 1 
cording as the pendulum is slower or faster than the half seconds of 
the chronometer, or according as a sidereal or mean time chronometer 
is used. So as to make them comparable at different stations, the 
observed periods of the pendulums are next reduced to what they 
would have been under certain standard conditions. These conditions, 
which are arbitrarily adopted for convenience, are: arc infinitely small, 
temperature 15°C., pressure 60mm. of mercury at 0° C., true side- 
real time and inflexible support. The corrections to the observed 
period in seconds are as follows: 

PM sin (6 + 9’) sin (6 — ¢’) 
32 ~= log sin ¢ — log sin ¢! 

period, 7 is modulus of common logarithmic system, ¢ and @’ are 
initial and final semi-arcs. This is a formula based on theoretical con- 





Arc correction = — , where P is 
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ditions and on the supposition that the arc of oscillation diminishes in 
geometrical ratio as the time increases in arithmetical ratio. Actual 
experiment has proved that the dimunition of arc follows this law at 
least very closely. 

Temperature correction = + 0.00000837 P (15° — 7°), where P 
is the period and 7 the temperature in degrees centigrade. This 
coefficient was determined experimentally at Washington by swinging 
the pendulum at different temperatures. The errors of the thermom- 
eter used were carefully determined and corrections applied. Where 
more than two readings were made during a swing, they were weighted 
according to the intervening intervals. 





Pr 
Pressure correction = -++ 0.00000010I [ 60 a - | 
1 + .00367 7°) 


where /y is observed pressure in millimeters, and 7° is temperature 

in degrees centigrade. This coefficient also was determined experi- 
Pr 

1 + .00367 T° 

the air pressure to a temperature of o° centigrade. 

Rate correction = + 0.000011574 RP, where P is period and R 
is daily rate on sidereal time in seconds (+ if losing, — if gaining). 
The coefficient is simply the relation of one second to the number of 
seconds in a day, or gg}yz- 

Flexure correction = — 0.00000065 D, where JD is the observed 
displacement of the knife-edge in microns when force of 1.5 kilo- 
grammes is applied horizontally in the plane of oscillation. This 
coefficient also was determined experimentally by swinging the pen- 
dulums at Washington on supports of different degrees of flexibility. 
On a very flexible support the simultaneous movement of the heavy 
metal case was quite plain in the microscope, even when the pendulum 
was swinging in a small arc. 

The periods, having been thus corrected, were next compared to 
deduce the relation of the force of gravity at the stations. The theo- 
retical length of these pendulums is unknown, and it cannot be com- 
puted or measured with any satisfactory degree of accuracy for pendu- 
lums of such form. The pendulums were considered to be of the 
same length, however, at all stations, after applying the corrections 
above, and to prove their invariability they were swung at the base 
station at the Coast and Geodetic Survey Office in Washington, before 
and after this expedition. From the simple law of the pendulum we 


mentally. The expression 





is simply a reduction of 


t 
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have for Washington P,, = 7 \ =. and for any other station 
& 


Pj=T ac. where P is the period, 7 the length of the corre- 
&0 


sponding simple pendulum, and g the force of gravity. Squaring and 
2 


dividing we have g, = pr Ly For g, at Washington the value 
0 


980.098 dynes per gramme, force of gravity (= 980.098 centimeters 
acceleration of gravity, or 32.1554 feet in English measure) has been 
provisionally adopted... This is based on several absolute determina- 
tions, which, however, do not give very accordant results. In fact, 
relative measurements of gravity can be made with much greater 
facility and accuracy than absolute determinations, and it is fortunate, 
therefore, that the uncertainties in the latter have no effect on the value 
of relative measurements in connection with the question of the figure 
of the earth, or the condition of the earth’s crust. To obtain the cor- 
responding value of g at any other station, it is only necessary to 
multiply this value of g,, by the ratio of the square of the period at 
Washington (P,,”) to the square of the period at the other station (P,?). 
This was done, using the results with each pendulum separately and 
with the mean of the three pendulums, and taking for Washington 
the mean of the periods determined before and after the expedition. 


Section 13. Results of Pendulum Observations. —In Table H 
are given the details of the observations and reductions. For each 
swing the average number of seconds in one coincidence interval is 
given, the average temperature corrected for thermometer errors, the 
pressure reduced to 0° C., the uncorrected period and the various cor- 
rections depending on the correction formulas already given. The 
final corrected periods are those reduced to the standard conditions, 
as already explained. In Table I are collected the mean corrected 
periods for each pendulum and station, and the difference of each pen- 
dulum from the mean. These differences are a check on the observa- 
tions and on the constancy of the pendulums, as theoretically they 
should be almost constant. The small variations that appear are prob- 
ably in large part due to diurnal irregularities in the chronometer rates. 
From these mean periods gravity at the various stations was computed 

P.2 


from the relation g, = pr Zw» gravity at Washington, Coast and 
0 
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TABLE H.— PENDULUM OBSERVATIONS AND REDUCTIONS. 















































& CornctpENcE INTERVAL. Tora Arc, é 
ial is ae © 
3 3 F | 3 Date, 1896. Chronometer. a £ | g 
Ri6.) & |e ties es |m] el «@ 
Washington, D. C. 
s. | “<<. | mm. 
1 A4 R II | June 22. 292.86 53 20 | 22.63 58 
I A4 R II | June 26. 294.67 56 2 | 21.41 | 61 
2 A4 D II | June 23. 292.50 55 20 | 22.65 60 
12 A4 D II | June 26. 294.49 55 21 | 21.38 | 58 
3 | As R I June 23. 366.29 53 21 | 22.78 61 
10 5 R I June 25. 369.26 55 19 | 21.55 | 58 
4 As D | I | June 23. 366.23 2 19 | 22.53 | 60 
9 As D | I | June 25. 369.21 53 21 | 21.75 | 59 
5 A6 R | I | June 24. 387.24 52 20 | 22.33 | 61 
8 A6 ee ee June 25. 389.63 53 20 | 21.83 | 59 
6 A6 D | I June 24. 387.96 52 21 | 22.18 57 
7 A6 D I June 24. 389.00 9 | 21.98 60 
} 
Sydney, Cape Breton. 
| | 1842 M. T. 1823 S. T. | 
I | A4 R Il | July 11. 372.26 365.65 53 20 17.81 60 
2 | A4 D | II July 11. 372.06 366.12 | 35 22 17.75 60 
3 | 5 R | I | July uu. 296.20 486.06 52 20 17.90 63 
4 As D | iI | July 11. 295.09 490.75 52 20 17.57 62 
5 A6 R | I July 12. 282.95 528.52 52 20 17.50 62 
6 A6 D I | July 12. 283.62 §25.17 52 19 18.10 58 
Ashe Inlet, Hudson Strait. 
1 A4 R | II | July 2s. | 229.49 | 226.45 | 53 | 19 4-71 60 
2 As R j'I July 26. | 198.49 | 195.57 | 53 19 4.87 69 
3 A6 R | I July 26. | 192.30 | 189.92 53 | 19 4-75 62 
| 
| 
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TABLE H.— PENDULUM OBSERVATIONS AND REDUCTIONS. — Continued. 
$ Periop UNCORRECTED. Corrections. (7th decimal place.) Periop CorRECTED. 
g Chronometer. rd ¢ Rate. é Chronometer. 
to | ag 5 5 
4 | 1829. g §3 é 1829. & 1829. | | Mean. 
wn | ; < & Aa a } 
Washington, D. C. 
ba s. S s s. 
1 | .g00855r | ee ee ee —8 | —320 | “+2 +171 —6 | .5008390 ana 
1 8498 fee eee —9 | —268 —1| +171 —6 8385 
2 8562 Preerys —9 | —s3: | o| +171 —6 8397 
12 | Seag fj cece —9 | —267 | +2) +171 —6 8395 
3 | a error —8 | —326 —I +171 —h 6664 
10 | 6779 | lt wwe —9 | —274 +2 +171 —6 6663 
4 | 6836 | esses —8 | —316 o} +171 —6 6677 eeee eeee 
9 | an Marte —8 | —283 | +1 +171 — 6655 eee . 
5 | 6464 |e eeeee —8 | —so7_ | —t | +172 6 6313 ‘ 
8 TT ee eee —8 | —286 | +1) +171 —6 6296 
6 eT a ee —8 | —301 | +3 | +171 —6 6311 ee 
7 eC narra —8 | —292 o| +171 —6 6300 
| +5007121 
Sydney, Cape Breton. 
1842. 1823. | 1842. 1823. 1842. 1823. 
t | .4993293 5006846 —8 | —117* | o |+13654| -+o92z | —10 | .§006812 | .5006802 | .5006807 
2 3290 6838 —9 | —115 o |-+13654| +92 | —10 6810 6796 | 6803 
3 1574 5149 | —8 | —121 | —3 | +13649| +92 | —10 5081 $099 | 5090 
4 1543 5099 | —8 —107* | —2 |+13656| +96 | —10 5071 5067 | 5069 
5 1181 4735 | —8 | —10g* | —2 |+13655| +96 | —10 471t 4706 | 4708 
6 1201 4765 —8 | —129* | +2 |+13655| +96 | —10 4711 4715 | 4713 
«5005533 | .5005531 | .5005532 
Ashe Inlet, Hudson Strait. 
t | .4989129 | -4988984 | —8 | +430 © | +13719 | +13906| —6 | .5003262 | .5003304 | .5003283 
2 7436 | 7249 | —8 | +423 | —9 | +13715 | +13902 —6 | 1551 1551 | 1551 
3 7033 6871 —8 | +428 | —3 113714 | F13901 =. 1159 1184 | 1172, 
| | | -§001991 | .§002012 | .5002002 








*This correction to be increased by one unit (7th decimal place) for chronometer 1,823. 
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TABLE H.— PENDULUM OBSERVATIONS AND REDUCTIONS. — Continued. 
F: | | CorncipENCcE INTERVAL. Torat Arc. | 3 
— | gE | ¢ "| 5 . 
J 3 | § Z| Date, 1896. Chronometer. r fg g 
Fle] eis aia] ¢ Fs 
& | 2 & v 1842 M.T. 177 M.T. cI = | £ & 
Umanak, Greenland. 
I | A4 R II Aug. 9. seein anne si Mi a =< 
7 | A4 R II Aug. 11. 209.48 206.19 53 21 10.15 64 
2 Ay D II Aug. 9. 211.47 207.99 53 17 11.71 62 
8 Ae | D II Aug. 11. 210.55 206.49 53 19 10.72 59 
3 5 | R | I Aug. 9. 185.13 182.58 53 20 12.41 62 
9 | As | R | I Aug. 11 184.77 181.58 53 22 11.73 60 
4 | As D I Aug. ro. 184.49 181.85 51 19 11.66 66 
10 As | D I Aug. 12. 183.76 180.78 51 20 10.86 57 
5 A6 R I Aug. 10. 178.54 176.16 52 19 10.70 66 
11 A6 | I Aug. 12. 178.49 176.29 53 19 10.87 62 
6 A6 D I Aug. 10. 178.40 176.18 55 23 10.57 58 
12 A6 D I Aug. 12. 178.85 176.77 53 21 11.62 56 
Niantilik Harbor, Cumberland Sound. 
1 | Ay | R II Sept. 17. 218.61 . 53 21 2.01 63 
2 | 5 R I Sept. 18. 189.09 ecco 53 30 1.22 64 
¢ {#6 1 2 I Sept. 18. 185.33 nae 52 31 2.58 62 
| 
Washington, D. C. 
a | | 1823 S. T. 1824 S. T. 
| 4 R II | Oct. 15. 299.65 297.69 53 21 16.41 60 
2 A4 D | II | Oct. 16. 298.89 297.06 53 21 16.63 59 
3 As R I | Oct. 16. 375-33 372.48 53 19 16.93 58 
4 As D I | Oct. 16. 376.11 372-95 52 20 16.97 60 
5 A6 R I | Oct. 17. 396.87 393-84 51 19 17.03 60 
6 A6 D | I Oct. 17. 396.02 392.62 53 27 17.15 60 
i | | 
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TABLE H.— PENDULUM OBSERVATIONS AND REDUCTIONS. — Concluded. 
= Pgriop UNCORRECTED. Corrections. (7th decimal place.) Periop CoRRECTED. 
CI — 
E Chronometer. & Py Rate. 3 Chronometer. 
iy bl Oe ee 
: 1842. | 177. 5 a” é 1842. 177. 2 1842 177. Mean. 
Umanak, Greenland. 
s. 8. | s. s. s. 
1 | .4988087 -4987957 —8 | +174 | —1 | +13743 | +13936 | —13 | -5001982 | .5002045 | -5002014 
7 8094 7904 —8 | +203 | —4 | +13743 +13936 | —13 2015 2018 2016 
2 8206 8009 —7 | +137 | —2 |+13743 +-n3996 | —13 2064 2060 2062 
8 8155 7922 —8 |} +179 | +1 | +13743 | +13936 | —13 2057 2017 2037 
3 6532 6345 —8 | +108 | —2 | -+13738 | +13931 | —13 0355 0361 0358 
9 6506 6270 —9| +136 © | +13738 | +-13931 | —13 0358 0315 0336 
4 | 6485 6290 —8 i Tisg:| —6 +13738 | +1393: =a 0335 0333 0334 
10 6432 6209 —8 | +173 | +3 | £13741 | +13935 | —13 0328 0299 0314 
5 6037 5849 —8 | +180 | —6 | -+13737 | -+13930| —13 | .4999927 | -4999932 | .4999930 
1 6033 5859 —8 |} +174 | —2 | +13740 | +13934 | —13 9924 9944 | 9934 
6 6026 5850 —9 |} +185 | +2 | +13737 | +13930| —13 9928 904s | 9936 
12 6061 5897 —8 | +141 | +4 | +13740 | +13934| —13 9925 9955 | 9940 
5000766 | .5000769 .§000768 
Niantilik Harbor, Cumberland Sound. 
1 | .4988590 —8| +542] —3 |-+13734 —6 | .5002849 | 
2 6813 —1 | +575 | —4 | +13729 —6 1096 
3 6547 —i1r | +518 | —2 | -+13728 —6 0774 
+§001573 
Washington, D. C. 
1823. 1824. 1823. 1824. 1823. 1824. 
1 | .5§008357 .§008412 —8 —59 o| +1or | +48 —6 | .5008385 | .5008387 | .5008386 
2 8378 8430 —8 —68 | +1} -+ror | +48 —6 8398 8397 8398 
3 6670 6721 —8 —81 | +2| +101 | +48 —6 6678 6676 6677 
4 | 6656 6712 | —8| —83 o) Fog) tae} 8 6652 6654 6653 
5 6307 6356 —8 —85 o| +93] +39 —6 6301 6296 | 6298 
6 | 6321 6376 —1 —go o}| +93] +39 —6 6307 6308 6308 
-5007120 | .5007120 "\goopzse 
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TABLE I.—SuMMARY OF CORRECTED PERIODS. 



























































Differences from mean. 
Prrions. (7th decimal place. ) 
“i 5 3 
Station. Date. <0 as z+ 3 b 
e®|eh] e &] 28 
| 3 Ss % 2s 33 Ag. As. A6. 
os 6 Ss 6 3 ¢ a's 
Ts we Ts ws Tt ws e 
§ = § 2 & 3 oa 
A MM mo M ma MM = 
1896. s. s. s. s. 
Washington . . . | June 22-June 24. | .5008392 | .5006665 | .s006305 | .soo7121 | +1271 | —456 | —816 
Sydney . . . . . | July r1-July 12. 06805 5080 4710 05532 | +1273 | —452 | —S822 
Ashe Inlet. . . . | July 25-July 26. 03283 1551 1172 02002 | +1281 | —451 | —830 
Umanak .. . | Aug. 9-Aug. 12. 02032 0336 | .4999935 00768 | +1264 | —432 | —833 
Niantilik . . | Sept. 17-Sept. 18. 02849 1096 | .§000774 01573 | +1276 | —477| —799 
Washington . . . | Oct. 15-Oct. 17. 08392 | 6665 6303 07120 | +1272 | —455 | —817 
| | | 
TABLE J.— VALUES OF g COMPUTED FROM EACH PENDULUM. 
. : Differences from mean. 
g in dynes or centimeters. (3d decimal place.) 
Station. 
Pendulum | Pendulum | Pendulum | Mean of three 
Ag. As. A6. pendulums. Aq. As. A6. 
Washington. (C.andG.S.) | .... seas se [980.098] 
Gos re 4) aes 980.720 980.719 980.722 980.720 ° +1 —2 
a ee 982.101 982.104 982.110 982.105 +4 +1 —5 
Ks ee, Se 982.592 982.581 982.597 982.590 —2 “Hy Sd 
Ds 44'S 5S. Ge 982.271 982.282 982.267 982.273 be -=) +6 
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Geodetic Survey Office (g,) being taken to be 980.098 dynes or cen- 
timeters, as already explained. The results for g computed separately 
for each pendulum and station, with the mean and differences from 
the mean, are given in Table J. At Ashe Inlet and Niantilik the re- 
sults can only be considered as approximate because of the failure to 
obtain sufficient time observations, as referred to under the head of 
chronometer rates. In Table K is given a general summary of the 
results, with geographical positions and elevations of stations, esti- 
mated surface densities,! reduction to sea level, and comparison with 
a theoretical formula. The reduction to sea level is given by two dif- 
ferent methods following the plan adopted in the last report of the 
International Geodetic Association,? first using Bouguer’s formula, and 
second, omitting the attraction term in this formula. Bouguer’s for- 


2¢H 36 ‘ . 
— ( I— 3-), where dg is the correction to 


observed gravity, g is gravity at sea level, H is elevation above sea 
level, y is radius of the earth, 6 is density of the matter lying above 
sea level, and A is mean density of the earth. The first term takes 
account of the distance from the earth’s center, and the second term 
of the vertical attraction of the matter lying between the sea level and 
station, on the supposition that the latter is located on an indefinitely 
extended horizontal plain. Wherever the topography about a station 
departs materially from this condition of a horizontal plain, a third 
term must be added to the above formula, being a correction to the 
second term or to observed gravity on account of such irregularities. 
This is called the topographical correction, and will always be positive, 
as the effect of all deviations from the horizontal plain, whether hills 
or mountains rising above the station, or valleys or canyons lying 
below it, will be to diminish the force of gravity.2 This correction 
is not important at any of these stations, but has been approximately 


mula is dg =-+ 





? These estimates of the average density or specific gravity of the masses above sea level 
underlying the respective stations have been furnished by Mr. G. K. Gilbert, of the U. S. 
Geological Survey. The character of the rocks is as follows: Sydney, sandstone, shale; 
Ashe Inlet, gneiss; Umanak, gneiss; Niantilik, gneiss; Washington, sand and clay. 


?«* Bericht iiber die relativen Messungen der Schwerkraft mit Pendelapparaten, von 
Professor Helmert,” Verhandlungen der elften Conferenz der Internationalen Erdmessung, 
Berlin, 1895. 


3 For formulas for this correction see Report U. S. Coast and Geodetic Survey for 1894. 
App. I, pages 22 and 23. 
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estimated from the very scanty knowledge of the surrounding topogra- 
phy for those stations where it is thought to be appreciable. 

Although the attraction of the mass above sea level at any station 
must be a real quantity, yet the omission of this correction, the sec- 
ond term of Bouguer’s formula, has been advocated on the basis of 
certain theories of the condition of the earth’s crust, as for instance, 
that it is in a state analogous to hydrostatic equilibrium, and hence 
that all elevations are compensated by deficiencies in density beneath, 
and the results of the pendulum observations themselves have in gen- 
eral, though not in particular, tended to confirm this position. This 
question will be referred to again. Various other methods of reduc- 
tion have been proposed. As has been remarked by Professor Hel- 
mert, the reduction to sea level will also depend on the application to 
be made of the results. If they are to be used in connection with the 
problem of the figure of the earth, the normal force of gravity at the 
sea level will be required ; if, however, it is desired to study the irregu- 
larities in density below sea level, it seems quite proper that the real 
attraction of the mass above sea level as represented by the second 
term of Bouguer’s formula should be subtracted. These different 
methods of reduction need not be considered as necessarily conflicting, 
therefore, as might appear at first sight. 

The values reduced to sea level in Table K are next compared with 
an assumed theoretical formula g = 978.066 (I + .005243 sin? lati- 
tude) which is based on Clairaut’s theorem, Clarke’s figure of the 
earth (1880), and the assumption that gravity is normal on the eastern 
coast of the United States; the values of g by this formula being com- 
puted for the latitude of each of the stations.1 Such comparisons are 
useful in showing the differences between the observed results and 
those based upon values for the flattening of the earth derived from 
other sources, and to develop the local anomalies in the force of grav- 
ity. The results of this season can be added to the constantly accu- 
mulating store of information to be used in future discussions of pen- 





*The most generally used theoretical formula for the variation of the force of gravity 
with latitude is that derived by Professor Helmert from an elaborate discussion of pendulum 
observations in various parts of the world, g = 978.000 (1 + .0053I0 sin? latitude) centi- 
meters, which corresponds to the value _1 _ for the flattening of the earth. “Die mathe- 

299-3 
matischen und physikalischen Theorien der héheren Godisie,” Vol. II, p. 241. This discus- 


sion was made in 1884, and is based on pendulum observations at 122 stations, which is but 
a small proportion of the data that is now available. 
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dulum observations either with respect to the figure of the earth or 
otherwise. Their principal value will be in their combination with 
results in other parts of the world. 

The possibility of an interesting application of pendulum observa- 
tions suggested itself to the writer in connection with future explo- 
ration in Greenland. The remarkable ice cap covering this great 
island rises to an elevation of about 10,000 feet (3,000 meters), but 
what proportion of this elevation is ice and what land, is an unsolved 
and most interesting problem. It is very probable that a comparison 
of pendulum observations on the bare coast with others on the ice cap 
would throw considerable light on the subject, although it might not 
settle the question definitely. 


SEcTION 14. Comparison of Periods at Washington. —The con- 
stancy of the periods of pendulums being a most important matter in 
connection with the use of those of the so-called invariable type in 
relative measurements of the force of gravity, it is of interest to com- 
pare the periods of these three pendulums as given by various deter- 
minations at the base station at Washington during the past three 
years. Table L gives the corrected periods at Washington resulting 
from ten determinations from April, 1894, to October, 1896. The val- 
ues for 1894 differ slightly from those previously published, because in 
order to render them strictly comparable with the later results, a cor- 
rection of *.0000013 was subtracted from the period of A4 to allow 
for the fact that it was swung on a different knife-edge, and a correc- 
tion of *.0000003 was added to the periods of all three pendulums to 


allow for improved values in the thermometer corrections. The total 


range in the mean period of the three pendulums for these ten deter- 
minations is only *.0000008, and the means for the separate years 
differ by only *.ooocoo1. When it is considered that these pendu- 
lums during this interval of two and one-half years have been swung 
at fifty stations (including Washington) and have been transported 


many thousand miles by rail and ship, the permanency of period is 
certainly satisfactory. 
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TABLE L. —SUMMARY OF PERIODS AT WASHINGTON. 
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I | Apr. 25-Apr. 27. 16 -§008396 | .5006665 5006303 +5007122 1274 457 819 
2 | May 10-May 12. 19 8394 6669 6307 7123 1271 | 454 | 816 
3 | May 3!-June 2. | 17 8398 6667 6305 7123 1275 456 | 818 
4 | June 23-June 25. | 23 8398 6665 6305 7123 1275 458 | 818 
| 
5 | Oct. 31-Nov. 2. | * 8390 6659 6309 7120 1270 | 461 | 841 
| 
| Mean for 1894. 7122 
1895. | | 
6 | Jan. 11-Jan. 13. II 8396 6681 6298 7125 | 127% 444 827 
7 | Aug. 2-Aug. 4. 21 8380 6662 6310 7117 1263 455 807 
Mean for 1895. 7121 
Jan. 21- ~ 23. 11 8383 6668 6315 7122 1261 454 807 
June 22-June 24. 22 8392 6665 6305 7121 | mage | 456 816 
| | 
Oct. 15-Oct. 17. | 17 8392 6665 6303 7120 | 1272 | 455 817 
: | Mean for 1896. | 7121 | 
| 


























Section 15. Votes on the Historical Development of Pendulum 
Apparatus.1— The laws of the motion of a pendulum were first an- 
nounced by Galileo in 1629. It is a disputed question as to whom 
belongs the honor of the discovery of isochronism, that important 
property of the pendulum by which it oscillates in different small 
arcs in nearly equal times, though tradition attributes this to Galileo, 
who is said at the age of twenty to have noticed the isochronism in 
the swinging of a chandelier in a church at Florence. This property 
appears to have been known as early as 1589, which epoch may be 
taken as the beginning of the history of the pendulum. In 1641, a 
year before his death, Galileo had conceived the idea of the applica- 





* The historical data in this and the following section are taken largely from “ Collection 
de Mémoires relatifs a la Physique publiés par la Société Francaise de Physique, Tome IV, 
Mémoires sur le Pendule”’ (Introduction Historique, C. Wolf); also “ Account of the Op- 
erations of the Great Trigonometrical Survey of India,” Vol. V, “The Pendulum Opera- 
tions” (Appendix, “ Notes for a history of the use of invariable pendulums’’); also Ver- 
handlungen der siebenten Conferenz der Europaischen Gradmessung,” Rome, 1883, “ Rapport 


sur la détermination de la pesantéur a l’aide de différents appareils, - M. Theodore von 
Oppolzer.’? 
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tion of the pendulum to clocks for time-keeping purposes, but he did 
not develop nor publish it. The Dutch philosopher Huyghens made 
known and patented a pendulum clock in 1657, and thus appears to be 
entitled to the honor of the first practical application of the pendulum 
for this purpose. Huyghens also did much towards developing the 
mathematical theory of the pendulum. In 1644 Mersenne made the 
first determination of the length of the seconds pendulum. The effect 
of changes of temperature on the period of a pendulum was noted 
by Picard in 1669, and the resistance of the air to the motion was first 
studied by Newton in 1686. In 1735 Mairan first employed the 
method of coincidences in determining the period of a pendulum, 
noting the times when the clock and pendulum were together at the 
extremity of the arc instead of when they pass through the vertical 
together, as was the later method. The correction to pendulum obser- 
vations on account of loss of weight because of being in air, was first 
applied by Bouguer in 1749, to whom also is due the reduction to sea 
level known by his name. _Boscovich, in 1785, first proposed the sec- 
ond atmospheric correction due to the retardation of the pendulum 
because of the air dragged with it, and also gave the theory of the ball 
and wire pendulum, but made no application of it. In response to 
the request of the Commission of Weights and Measures, Borda in 
1792, at the Observatory of Paris, made elaborate observations with 
the ball and wire pendulum, introducing ‘all the improvements that had 
been suggested up to that time. The Academy of Sciences had de- 
cided that the length of the pendulum beating seconds at Paris should 
be determined at the same time with the other measurements neces- 
sary to the establishment of the metric system. In 1792 Prony pro- 
posed a rigid pendulum with three parallel axes in same plane as cen- 
ter of gravity of the pendulum. In 1798 he proposed the pendulum 
now known as the reversible, but did not construct one. In 1817, 
without knowledge of Prony’s work, Captain Kater, charged by the 
Committee of Weights and Measures of the Royal Society of Lon- 
don to measure the length of the seconds pendulum, developed his 
method and constructed the pendulum known by his name, a reversi- 
ble pendulum with movable weights, and hence called convertible. The 
theory of the reduction to a vacuum, and of the effect of air on a pen- 
dulum, has been studied elaborately by Bessel, Buat, Poisson, and 
Stokes. Laplace in 1816 first called attention to the influence that 
the form of the knife-edge would have on the true length of the pen- 
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dulum. On account of the complicated atmospheric effects, and the 
uncertainty of the knife-edge, Bessel concluded that it was impossible 
to accurately measure the length of the seconds pendulum by means 
of the simple ball and wire. Because of its lack of symmetry Kater's 
pendulum also failed to eliminate the atmospheric effects. In 1827 
Bessel elaborated the conditions necessary for the reversible pendu- 
lum, the most important being the external symmetry of the two ends 
of the pendulum, but an instrument following these ideas was em- 
ployed for the first time by Plantamour in 1866, as constructed by 
Repsold. Various modifications of this type of pendulum have been 
widely used since that time, more particularly in absolute measure- 
ments of the force of gravity. In his well-known experiments at 
Konigsberg in 1826, Bessel first introduced a differential method in 
determining the length of the seconds pendulum; a ball and wire 
pendulum was used, the length of the wire being varied by an amount 
exactly equal to a standard toise. Only the difference of the length 
of the two pendulums was required, and the differential method was 
supposed to eliminate many of the constant errors in the effect of the 
suspension and otherwise. Although this source of error had previ- 
ously been suspected, Peirce in 1875 first proved that the time of 
oscillation of a pendulum was affected by the flexibility of its support, 
and he investigated this question both experimentally and mathemat- 
ically. About 1887, Defforges introduced in the “ Service Geograph- 
ique”’ of France a differential method of determining the absolute 
force of gravity, using two symmetrical reversible pendulums of the 
same weight but of different lengths, with interchangeable knife-edges. 

The variation of the rate of clocks, when transported from place 
to place, early suggested the use of the invariable pendulum to meas- 
ure the relation of the force of gravity at different points. The first 
instrument designed for this purpose seems to have been that of 
Graham, a celebrated clock maker of London, who in 1731 used an 
invariable pendulum connected with wheel work arranged to register 
the number of oscillations. This was rated in London and in the 
island of Jamaica. This instrument was used by Sabine as late as 
1820, although it was unsatisfactory on account of the variable effect 
of the wheel work on the pendulum. Bouguer and LaCondamine 
used an entirely free invariable pendulum of such mass that it would 
oscillate an entire day, on the expedition of 1735 to 1743 to measure 
the Peruvian arc. Malaspina, on a Spanish expedition from 1789 to 
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1794, employed a pendulum having a wooden rod, steel knife-edge and 
copper lenticular bob. About 1817 Kater constructed an invariable 
pendulum which he used at various stations of the Ordnance Survey 
in England. Many copies of this pendulum were made, some of which 
were employed at wide intervals of time and up to a very recent date. 
They are simple in design, consisting of a flat brass bar over five feet 
in length, having a large flat circular brass bob and a hard steel knife- 
edge. A radical change in invariable pendulums was introduced in 
1882, when Von Sterneck employed a half second pendulum in Aus- 
tria, together with an elegant electrical arrangement for observing 
coincidences between a clock or chronometer and a pendulum. When 
it is considered that a half second pendulum is only about one-fourth 
the length of a seconds pendulum (which was previously the almost 
universal length) and that the older methods of observing coincidences 
could not be used with a chronometer, the important effect of this step 
on the facility of gravity research may be realized. In 1890 a form of 
half second pendulum apparatus, differing in important respects from 
that of Von Sterneck, was designed by Mendenhall, who also in 1894 
designed a quarter second pendulum apparatus, the most portable in- 
struments of the kind yet constructed, the air-tight case in which the 
pendulums are swung being only 17cm. (6.7 inches) high. A pendu- 
lum which is called “reversible inversible’’ was designed by Defforges 
and first used in 1890. It is a symmetrical reversible pendulum about 
a half meter in length and is provided with interchangeable knife-edges 
and weights. 


SecTION 16. Votes on the Progress of Research in Terrestrial 
Gravity Measurements. —To obtain some instrument with which the 
force of gravity could be more conveniently and simply measured than 
with the pendulum, has been a problem that has long engaged the at- 
tention of physicists, and was considered of sufficient importance for 
the appointment of a special committee by the British Association 
for the Advancement of Science a few years ago. Various devices de- 
pending principally on the compressibility of gases, and the elasticity 
of metals, have been proposed from time to time, but nothing has yet 
been found to give sufficiently reliable results. Pendulums as they 
have been used in gravimetric research may be divided into three gen- 
eral classes: the ball and wire, the reversible and the invariable. The 


‘3 ' ; 
ideal simple pendulum to which the law t= 7 \- applies consists 
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- of a weight concentrated at a single point and suspended from its cen- 


ter of oscillation by a weightless thread. The nearest approach to 
this possible in practice is the ball and wire pendulum, which in early 
days was much used, but which was an instrument only suited for labo- 
ratory experiments, and even then was subject to serious difficulties in 
eliminating various sources of error. With this instrument the mo- 
ments of inertia of the various parts must be considered in computing 
the length of the pendulum. The reversible pendulum, which has been 
very generally used in modern absolute measurements of the force of 
gravity, depends on the principle that in any compound or material 
pendulum swung from a point which may be called the center of sus- 
pension, there is a reciprocal point situated on a line passing through 
the center of gravity, called the center of oscillation, about which the 
period of the pendulum will be the same if it is reversed ; and further, 
that the period of the compound pendulum will be the same as that of 
a simple pendulum of length equal to the distance between the center 
of suspension and the center of oscillation, and known as the equiva- 
lent simple pendulum. This principle was first applied by Kater in 
his convertible pendulum, an unsymmetrical pendulum with movable 
weights, so that the center of gravity could be shifted until the con- 
dition of equal periods about the two knife-edges was obtained. Fol- 
lowing Bessel’s idea, the reversible pendulum as used in recent years 
has had a symmetrical form and fixed center of gravity, but with one 
end heavy and the other light. It is so designed that the periods of 
oscillation shall be’ approximately equal about the two knife-edges. 
When this condition is reached, the period of the equivalent simple 
_ ; ht? — h' t? 

pendulum is given by the relation 7? = ay where ¢ and 7 
are the times of oscillation about the knife-edges, whose distances from 
the center of gravity are respectively % and /’; g may be determined 
from this relation (remembering that 4 + 4’ is the length of the equiv- 
alent simple pendulum whose period is 7) when the periods in the two 
positions are ascertained, and the distance between knife-edges, and 
the approximate distance from each knife-edge to the center of grav- 
ity. The determination of the absolute force of gravity is an opera- 
tion of more importance to physics in general than to geodesy. Nev- 
ertheless, in order to be able to express results in absolute measure, 
a number of such determinations have been made in connection with 
geodetic operations. The following table (M) gives some of the more 
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important determinations made either in this connection or otherwise, 
with results referred to Washington by means of relative connections 
that have been made.! Some of these results are now principally in- 
teresting from an historical point of view. Even the determinations 
apparently the most reliable do not show a satisfactory accordance. 


TABLE M.— ABSOLUTE DETERMINATIONS OF THE FORCE OF GRAVITY, WITH RESULTS 
REDUCED TO WASHINGTON, C. AND G. S. OFFICE (NoT REDUCED TO SEA LEVEL). 























Results reduced to Washing- 
ton, Coast and Geodetic 
| Observer. | Date. | o¢ cone Apparatus. Survey Office. 
2 see Length see: | Gravity 
1 | Borda . .| 1792. ROS. =. cP eee fk we ae oe Penn —_ Ac sas 
2|Kater . .| 1817. London . .| Katerconvertible pendulum... . -3236 285 
3 | Bessel . .| 1826-27. | K6nigsberg, | Ball and wire, 2 lengths, differential . +3021 072 
4|Sabine . .| 1829. Greenwich . | Katerconvertible pendulum ... . +3005 056 
5 | Plantamour, | 1865-71. | Geneva . .| Bessel reversible pendulum ... . 3028 079 
6 | Peirce . .| 1876. Paris. . .| Besselreversible pendulum ... . +3109 -1§9 
7. | Von Orff .| 1877. Munich. . | Repsold reversible pendulum. . . . 3088 .138 
& | Mendenhall, | 1880. Tobio . «{}GeenOwiee 2 5 ee +3114 -164 
9 | Oppolzer .| 1884. Vienna . .| Repsold reversible pendulum. . . . +3085 135 
1o | Lorenzoni .| 1886. Padua . .| Repsoldreversible pendulum. .. . .3007 .058 
11 | Defforges .| 1893. Washington, | Two reversible pendulums, differential, 3115 -165 














In the study of the variations of gravity over the earth’s surface, 
with which geodesy and terrestrial physics are principally concerned, 
the invariable pendulum has been largely used and appears to be the 
most convenient form on account of its greater simplicity both in its 
construction and manipulation. The development of this instrument 
and its various types has already been referred to. Reversible pen- 
dulums have also been used to a considerable extent in this connec- 
tion, and even the ball and wire pendulum was so employed in the 
earlier work. The first experimental proof of the variations of gravity 
with latitude was furnished by the famous observation of Richer, who 
in 1672 measured the length of a seconds pendulum at Cayenne near 
the equator, and found that it was 1} line (= 2.8 mm.), or about the 
xty th part shorter there than at Paris. Many astronomers attributed 





For a more complete list see App. No. 1, Report U. S. C. and G. Survey for 1894, p. 48. 
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this difference simply to the effect of the warmer climate on the iron 
standard of length, but its reality was soon confirmed by observations 
made in other parts of the world under the auspices of the French 
Academy, as well as by the theories of Newton, published in 1687, as 
to the flattening of the earth at the poles. In 1743 Clairaut published 
his famous theorem establishing a relation between the force of grav- 
ity and the flattening of the earth, which may be stated as follows: 
a—-b 5 ¢ ip ~~ & 








; *£ & ge 
polar semi-diameters of the earth, g, and g;, are the polar and equato- 
rial forces of gravity, and c is the centrifugal force at the equator.! 
“In his demonstration, Clairaut makes no assumption of original fluid- 
ity; he supposes the strata to be concentric and coaxal spheroidal 
shells, the density varying from stratum to stratum in any manner 
whatever; it is assumed however that the superficial stratum has the 
same form as if it were fluid, and in relative equilibrium when rotating 
with uniform angular velocity. Professor Stokes in his demonstration 
of Clairaut’s Theorem, in two papers published in 1849, showed that 
if the surface be a spheroid of equilibrium of small ellipticity, Clair- 
aut’s Theorem follows independently of the adoption of the hypoth- 
esis of original fluidity or even of that of any internal arrangement in 
nearly spherical strata of uniform density.”? In the early part of this 
century a number of expeditions were sent out partly or wholly for 
the purpose of making pendulum observations, among the more im- 
portant of which may be noted those of Kater, 1818-19; Sabine, 
1819-24; Foster, 1828-31; Liitke, 1826-29; Freycinct, 1817-20; 
Duperrey, 1822-25, and Biot and Mathieu, 1808-24. With the meth- 
ods then in use, however, but a comparatively small number of points 
could be determined, and these were almost entirely confined to the 
sea coast. The subject was then almost entirely neglected until 1864, 
when, in connection with the Great Trigonometrical Survey of India, 
an extensive series of pendulum observations, without precedent up to 
that time, was undertaken and carried out, yielding most interesting 
results. Since that time this subject has been taken up by various 
countries engaged in geodetic operations, and has been included in 
the scope of the investigations of the International Geodetic Associ- 
ation. In the reports of this Association the results are systematic- 


where a and # are the equatorial and 





*A more rigid expression for this formula is given by Helmert, Geodiasie, Vol. II, p. 83. 
*Clarke’s Geodesy, p. 82. 
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ally collected and published from time to time. Professor Helmert’s 
elaborate report on the subject at the meeting of the Association in 
Berlin, in 1895, included 968 such measurements, more than a third of 
which, however, were in a single country (Austria). 

The flattening of the earth cannot be computed from Clairaut’s 
Theorem directly, because thus far it has been impracticable to meas- 
ure the force of gravity at the poles. But it has been demonstrated 
that the increase of gravity from the equator to the poles will be as the 


square of the sine of the latitude, or g) = g, (: + £¢ ~ & sin? +, ) 


€ 


where gy is gravity at any latitude ¢, g, at the equator and gy at the 
poles. With this expression g, and g, may be derived from determi- 
nations of g made at two or more different latitudes. Substituting in 
Clairaut’s Theorem, the amount of the flattening can then be computed. 
As material has accumulated from time to time, a number of such 
deductions have been made by combining all available pendulum obser- 
vations. Some of these are as follows : 


From a table by Professor Harkness, Report C. and G. Survey for 1893, Part II, p. 250. 


Date. Authority. Flattening = eed 
1799. Laplace. 335.8 
1825. Sabine. 289.1 
1830. Airy. 282.8 
1834. Baily. 285.3 
1880. Clarke. 292.2 
1884. Helmert. 299.3 


The two most important values of the flattening of the earth 
derived from the entirely independent method of arc measurements, 


are those of Bessel (1841) 1 and Clarke (1880) —_ ™ 
299.2 j 293-5 





pendulum observations, of course, furnish information only as to the 
ratio of the axes and not as to their absolute lengths, which are fur- 
nished by arc measurements. The flattening as deduced by either 
method is subject to uncertainties because of the irregularities in the 
earth’s surface, both in density and shape and the necessary confine- 
ment of measurements to land areas, but the pendulum observations 
have the advantage of the possibility of extension to regions that can 
never be reached by triangulation. 

Early in the discussion of pendulum observations it became appar- 
ent that the force of gravity over the earth’s surface did not always 
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follow Clairaut’s law when the reduction to sea level was made by 
Bouguer’s formula, or the attraction of the mass above sea level was 
subtracted. As early as 1830 Airy pointed out the fact that gravity 
seemed to be greater on oceanic islands than on continents in corre- 
sponding latitudes, and the accumulation of later data has clearly 
brought out the fact that with Bouguer’s reduction there is apparently 
an excess of gravity of about z,/;,th part on oceanic islands as com- 
pared with continental coasts, and a defect of similar amount beneath 
elevated continental masses. Two causes might lead to such a con- 
dition : first, the sea level may be distorted, raised above the mean 
figure of the earth under continents, and lowered below in ocean cen- 
ters, and thus points at sea level under continents would be at a greater 
distance from the earth’s center than at oceanic islands ; or second, 
the earth’s crust may be less dense below continents than under the 
oceans. On the theory that the crust of the earth is in a condition 
analogous to hydrostatic equilibrium, which was first proposed by Airy 
in 1855, it has been computed that the distortion of the sea level 
would not be over about 10 feet (3 meters). This theory appears to 
be the favorite one, and based on it the differences between normal 
and observed gravity, using Bouguer’s reduction, have been taken as 
a measure of the excess or deficiency in density beneath the sea level. 
In discussions of the figure of the earth from pendulum observations 
various methods have been proposed of eliminating these local pecu- 
liarities. Thus it has been proposed in the reduction to sea level to 
omit the correction for the attraction of the mass above sea level, for 
the reason that on the equilibrium theory that mass must be compen- 
sated by a deficiency of density beneath. This would not help mat- 
ters much in the case of oceanic island observations, however, where 
the stations are often close to sea level. Faye in 1880 suggested that 
while in general the equilibrium condition might be true, it could 
scarcely apply to limited areas on the earth’s surface ; as, for instance, 
that a large plateau might be supported in a condition of equilibrium, 
whereas a mountain on that plateau would be supported by the partial 
rigidity of the crust, and he therefore proposed that in the reduction 
of pendulum observations to sea level the attraction of average areas 
should be considered as probably compensated by deficiency or excess 
of density beneath, but that the local departures from that average 
area should be allowed for. A rough application of this idea to a 
number of observations made in this country in 1894, and in other 
parts of the world previously, showed that the results gave far greater 
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accordance on this supposition than on any other. A striking illustra- 
tion of this was Pike’s Peak, which is a comparatively isolated moun- 
tain rising about 2,450 meters above a plateau whose elevation is about 
1,840 meters above sea level. When the attraction of the entire mass 
above sea level was subtracted, the observed force of gravity appeared 
to be about z,4,,th part below normal, but when no correction for this 
attraction was applied, gravity appeared about the same amount above 
normal. When, however, only the attraction of the peak itself as it 
stood above the average elevation of the country was allowed for, the 
result appears quite normal. The result obtained at the celebrated 
station Moré in the Indian series, at an elevation of 15,408 feet (4,696 
meters) in the Himalayan mountains, is not discordant with this idea. 
Here it was found that the defect of gravity with Bouguer’s reduction 
to sea level was closely equal to the correction for the attraction of the 
mass above sea level, but Moré is situated in a valley and is shown to 
have been nearly at the average elevation of the surrounding region. 

The connection between variations in the force of gravity and 
deflections of the plumb line was brought out in an interesting man- 
ner in the Indian series. As the triangulation approached the Him- 
alayas the deflection towards this mountain mass was found to be 
less than had been estimated, a fact that was explained when the pen- 
dulum observations indicated a deficiency of density beneath. Quite 
recently such a relation has been brought out in a striking manner by 
a series of gravity measurements made along a meridian line in Ger- 
many, at points where the plumb line deflections had been obtained 
by a comparison of astronomical latitude observations with geodetic- 
ally determined positions. In Professor Helmert’s discussion of this 
work, he shows that plumb line deflections, in a region where they 
would not be accounted for by the apparent surface conditions, have 
a distinct relation to irregularities in density beneath, as developed by 
the pendulum. 

Another application of pendulum gravity measurements has been 
in the determination of the mean density of the earth. By comparing 
the measured force of gravity at the ordinary surface with that at the 
summit of a mountain or the bottom of a mine, it is possible to com- 
pute the ratio of the mean density of the earth to the density of the 





1“ Ergebnisse von Messungen der Intensitat der Schwerkraft auf der Linie Kolberg- 


Schneekoppe, von F. R. Helmert.’? Sitzungsberichte der K6niglich Preussischen Akad- 
emie der Wissenschaften zu Berlin. XVIII. 1896. 
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mountain or the mass between the bottom and top of the mine, which 
latter may be estimated from determinations of the specific gravity of 
surface specimens. Because of various practical difficulties this method 
cannot compete with refined laboratory methods of recent times, and 
is likely to prove more valuable when reversed, that is, in the investi- 
gation of the mean densities of mountains. Some of the determina- 
tions made by pendulum observations are as follows: 


Mean density of 
Date. Observer. Place. 


the earth, 
1821. Carlini. Mount Cenis, Alps. 4.95 
1854. Airy. Harton Pit (mine), England. 6.56 
1880. Mendenhall. Fujiyama, Japan. 5.77 
1883. Von Sterneck. Pribram (mine), Bohemia. 5.77 
1892. Preston. Mauna Kea, Hawaiian Islands. 5.13 
1894. Putnam. Pike’s Peak, United States. 5.63 


Part IV. ExXxAmpLes OF OBSERVATIONS. 


Section 17. Latitude Observations at Umanak, Greenland. — 
These observations were made by Talcott’s method! with meridian 
telescope No. 13, used as a zenith telescope. The method depends 
on the micrometric measurement of the difference of zenith distance 
of two stars crossing the meridian at nearly equal distances, one north 
and one south of the zenith, and at a short interval of time. It is 
evident that the mean of the declinations of two stars which crossed 
the meridian at exactly equal zenith distances north and south, would 
be the latitude of the place, and with this method it is only necessary 
to determine a correction to the mean declinations to allow for the 
fact that the zenith distances are not exactly equal. The strong point 
of the method lies in the fact that it is free from circle readings, de- 
pending only on the micrometer, a delicate level, and the computed 
declinations of the stars. 

For this latitude only three pairs of stars (as given below) were 
observed on two nights. The right ascensions and declinations given 
are the mean places for 1896.0, computed from the Greenwich (1880), 
Safford’s, and the Pulkowa catalogues. The second star in each of 
these pairs was observed at lower culmination. 





* For explanations of this method and of the instruments used, see Report U. S. C. and 


G. Survey for 1880, App. 14; also Chauvenet’s Astronomy, Vol. II, p. 340; also Doolittle’s 
Practical Astronomy, p. 478. 
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S N : : . 2 — : : . 
neil tana Magnitude. | Right ascension. | Declination. — — distance 
B. A. C. catalogue. ‘ | or setting telescope. 
' 
| mre ares “yr 
7143 5.1 | 20 34 00,03 te 45 03.47 46 55S. 
2982 | 5.6 | 8 44 48.35 2 21 03.52 46 s8N. 
| 
7258 6.5 20 50 41.29 | +13 19 29.48 s7 a: S. 
3106 4.4 | 9 OF 32.17 +52 o1 26.91 57 I18N. 
7402 | 5.6 | st 8@ 634.37 | +43 30 29.28 27. «10S. 
3199 4.6 | 9 22 15.38 | +81 47 09.14 27. 32N. 





The apparent declinations of the stars for the date of observation 
were computed by the independent star numbers, by the formula (see 
American Ephemeris, Part II), 5=6),-+ 7! + g cos (G + a)) +4 cos 
(H + a,) sin 8, + 2 cos 8, where ao, 6, are the star’s mean right as- 
cension and declination at the beginning of the year, 7 is the fraction 
of a year from January 1, w’ is the annual proper motion in declination, 
and g, G, 4, H, and z are factors given in the Ephemeris for each day 
in the year. 

The formula for the latitude, when the observations are made in 


the meridian, is: ¢=1(8+ 8) +3 (M—M) R+ : [ie + 2’) 


— (s+ s')] +4 (*7—7’) where 6 and & are the declinations and W 
and J/' the micrometer readings of the south and north stars respect- 
ively, R the value in arc of one division of the micrometer, and s 
the north and south readings of the level for the south star, and z’ and 
s’ the same for the north star, 4 the value in arc of one division of the 
level, and vy and ” the refraction corrections for the south and north 
stars. The value of one division of the latitude level was 2!'.23 (= 4). 
The value of one turn (100 divisions) of the micrometer was determined 
at Umanak on August 12, 1896, by observing Polaris near eastern 
elongation, setting the micrometer thread at each even turn, and not- 
ing the time of transit of Polaris ;! giving the result 1 turn = 79".647. 
Table N gives a summary of the observations and reductions. The 
resulting value for the latitude of the meridian telescope is 70° 40! 
29".2 N., from which the latitude of the magnetic station (12 meters 
south) is 70° 40’ 28’.8 N., and of the flagstaff (50 meters south) is 
70° 40! 27.6 N. 





*For explanation and example, see Report C. and G. Survey for 1880, App. 14, pages 
§1 and 58. 








‘ 
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TABLE N.— LATITUDE OBSERVATIONS AT UMANAK. 








ae WW oe MICROMETER. Levet. CorrgcTIOons. 
| Declination. | Sum and Half Sum. Latitude. 








Star No. | Reading. 
| 


; -_" 


| Dit. Z. D. | ‘ ‘ Microm. | Level. | Refr. 





1896. | 7143 
2982 


1896. 7143 
2982 


7O 40 30.32 


zn 


46.0 





46.0 29.89 


1896. 7258 
3106 


1896. 7258 
3106 


1896. 7402 
3199 


05-9 30.21 





28.44 


—.25 29.40 


7402 
3199 





Zr zn zn zn ww 


—.25 27.18 





Mean. 70 40 29.24 
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SECTION 18. 


G. R. Putnam. 





Example of Computation of Longitudes from 
nometer 182} (sidereal). 


Chro- 






































3 §3 83 | E2583 | = 
an Bs os gee | age. 3 
Date. eg 5 o E28 ong oa 
Station. (Civil local.) b= on 33 eat 23 ee 33 
gS Bes gos | 28s sosék go 
1896. h. m. hm. s. s. s. m. s. |h. ms. 
Sydney t. July 10. 22 36 | —4 00 52.30 —05.23 ae vase Ul Conmence 
Sydney . July 11. 21 08 | —4 00 50.81 Se eo rr errr 
Sydney July 12. 21 08 | —4 00 49.15 SRM veces sees OF cceexe 
Sydney . July 16.* gh, eter eer eh ee ee Meer 
Turnavik July 20. 13 43 | —3 57 08.20 | ...... +o 14.0 | 3 57 22.2 
Ashe Inlet . July 25. 24 OF | —4 41 54.90 | — -eeeee +o 27.6] 4 42 22.5 
Godhavn Aug. 3. 8 o8 | —3 33 16.20 S000 +o 48.6 | 3 34 04.8 
Umanak . Aug. 5.* 12 00 | [—3 27 40.04] | ~—-.--- ss +o 54.0 | 3 28 34.0 
Umanak. Aug. 7. 24 @8 | 3 27 34:25 | cc cece a site fh eKee OF Sandice 
Umanak . Aug. 8. 24 $8 | —3 27 33-64 | eseeee eee ere 
Umanak. Aug. 11. 23 28 | —3 27 25.65 | -cccee nn decent 
Umanak. Aug. 12. ee ae i ee ee | ee ran eens 
Umanak . Aug. 20. 23 16 | —3 27 04.65 | «esses Bo seee. Gl rwess: h Cesalien 
Umanak. Sept. 9.® 24 00 | [—3 26 18.78) cvcese +2 15.3 | 3 28 34.1 
Niantilik Sept. 18. 16 40 | —4 22 40.5 Peete +2 37.1 | 4 25 17.6 
Sydney . Sept. 26. 436 | 357 46.8 | — ..ese +2 56.0] 4 00 42.8 
Washington (C. and G. S),t Oct. 3.® Ce a ee Tree [+3 14.28] és 
Washington Oct. 6. 1 40 | —5 04 41.04 MOL GRD cast l sees | axeees 
Washington Oct. 15. 4 45 | —5 04 23.19 +3 38.95 aves 
Washington Oct. 16. § 22 | —5 04 21.40 | +3 40.74 OE i Fei 
Washington Oct. 17. 2 14 | —5 04 20.01% +3 42.13 |) . i Gee re 
The traveling rate used in the above is deduced as follows : 
Correction at Washington on Greenwich sidereal time October 3, at mt Fo seal 
Correction at Sydney on Greenwich siderealtime . . . . July 16, at 12.0 +o 03.78 
Loss in 79.0days +3 10.50 
Loss at Umanak in 35.5 days +1 21.26 
Traveling on ship, 43.5 days +1 49.24 
Traveling rate per day + 2.51 





* These are dates of arrival and departure (on which no time observations were made), and the chronometer 
correction is carried out to these dates for each station by using the average rate at that station. 
t The adopted longitude of the transit at Sydney was 4h. oom. 47.07s., and at Washington 5h. o8 m. 02.148. 








* 








Magnetic and Pendulum Observations. 121 


SEcTION 19. Example of Observations of Sun for Azimuth of 
Mark and for Time, with Computations. — Niantilik, Cumberland 
Sound, September 18, 1896, p.m. Instrument, Theodolite Magnet- 
ometer, No. 19. 









































E ze HorizonTav Circe. VERTICAL Circie. 
8 2 
& 8 
. I os: 
Object. z os 
AF a) A. B. | Mean. A. B. | Mean. 
=@ eu 
ge Es 
a & 
oe as , ' ‘ayns ' ' 
Azimuth mark . . . 2. 0 D seceee 53 58 59 58.5 
Rif coecee 233 55 55 55.0 
OS 6 ok a we ee eS was a) weaken 53 és 56.8 
Sun’s first and upperlimb .. . R 7 39 20 229 46 44 45.0 | 17 17] 18 17.5 
seee 4° 40 230 O5 03 04.0 It 13 12.0 
41 34 19 16 17.5 06 09 07.5 
Sun's second and lower limb . . D 42 58 51 16 17 16.5 | 73 33 | 33 33.0 
sees 44 04 33 33 33-0 39 | 39 39.0 
45 33 54 55 54-5 46 | 47 46.5 
ee ee oe eese 7 42 21.5 50 os 48.4 16 ee 46.4 
Sun’s second and lowerlimb . . D 7 46 34 52 09 09 09.0 | 73 50] 51 50.5 
xt 47 33 23 24 23.5 55 | 57 56.0 
48 31 38 38 38.0 | 74 02] 03 02.5 
Sun’s firstandupperlimb .. . R 51 04 232 38 36 37-0 | 16 16| 17 16.5 
sees 52 05 52 50 51.0 11 13 12.0 
53 21 233 «12 09 10.5 03 07 05.0 
MMS aS EO BES sees 7 49 51.3 52 “se 38.2 | 16 om 07.4 
Azimuth mark m Ef assess 233 56 55 55-5 
D | rvesees 53 58 58 58.0 
RE GS as co wee exes | scene 53 oe 56.8 
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CoMPUTATION OF AZIMUTH OF MARK. CoMPUTATION OF CHRONOMETER CORRECTION. 
Formula, tan? 4 A = ® (s— 9) sin (s — 2) Formula, tan } ¢ = cot 4A sin (s — ’) 
cos s cos (s — #) . . — cos (s — ) 
, ’ ‘= " 
where A = azimuth from north. his eee . o 
@ = latitude. 
4 = corrected altitude. 
p= polar distance. 
s=4(gth+s). 
Sept. 18. Sept. 18. Sept. 18. Sept. 18. 
Date, 1896. P.M. P.M. Date, 1896. P.M. P.M. aa 
h. m. s. h.m. s. 
Chronometer time . ~| 742 a85 749513 |Logcot}A .... 9.71296 972974 
Correction to 1842 on GMT. . +2 09.8 209.8 | Logsin(s—A). . . . 9.96826 9.96923 
Greenwich mean time . . . .| 7 4431-3 | 7 Ry or.1 | Lognumerator. . . . 9.68122 9.69897 
Sun’s apparent declination . . 1° 26'.9 26/.8 Log cos (s "aid ce 8 5.99920 9.99904 
Sun’s north polar dist. _ - « | 88° g3’.2 38° 33.2 | Logtan}¢. e & * 9.68202 9.69993 
A observed . . oe | Se Ree 16° 07'.4 Sete eee 25° 40'.9 26° 37) .0 j 
Correction for parallax . pete hy +o!1 ie See eae eee 51° 21'.8 53° 14'.0 
Correction forrefraction . . . —3.8 —3.3 hit 46 he ths. 
Aoeorrected. . . . 1 2 se = 43-4 jo 04.2 tintime . . .| 3 25 27.2| 3 32 56.0 
4 SE Levies fe! Se Se 33-1 33-2 | Equation of time. . . —6 14.7 —6 14.8 
Bre Agee 64 53-5 64 53-5 | Localmeantime . . .| 3 19 12.5] 3 26 41.2 
fa. rane p= i) 9 ala 85 05.0 8445.4 | 184zreads ... . 7 42 21.5 7 49 51.3 
s—o .- + ao ee 20 11.5 19 51.9 | Correction on local m. t. —4 23 09.0] —4 23 10.1 
ES ae <a; ,.W Oke eee 68 21.6 68 41.2 
eR ss se 6 ee 8 —3 28.1 —3 47.8 
Logsin(s—@) ...... 9.53802 9.53124 
Logsin(s—#) ...... 9.96826 9.96923 
Lognumerator ...... 9.50628 9.50047 
0S Se 8.93301 8.96090 
Logcos(s—) ...... 9.99920 9-99904 
Log denominator. .... . 8.93221 8.95994 
OS - ane 0.57407 0.54053 
BOGIES S 1 es ew tt 8 6 0.28704 0.27026 
as Ms. +. 8 6. oP el ee 61° 46.6’ 
| 1A eee 125 22.8 123 33-2 
Horiontal circle reads . . . .| 50 48.4 52 38.2 
True meridian reads. . . . . 1176 11.2 176 11.4 
Azimuth mark reads. . . . .| 53 56.8 53 56.8 
Mark west of north. . . . .|122 14.4 122 14.6 
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Section 20. Example of Observations of Magnetic Declination. 

Station, Sydney, Nova Scotia. Date, July 11, 1896. Instrument, 
} Magnetometer 19. Magnet 19L suspended, scale erect. Line of de- 
Aa torsion, 330°. 







































































ScaLe READINGS. | o ; A. 1° ag’. 
Local time. | Azimuth circle 
A. M. . Bean. ” bi 191° 04'.5. 
Left. Right. 
ane h. m. d. d. d. 
' 7 10 38.8 49-1 43-95 
15 42.2 45-9 44-05 
40 42.3 46.9 44.60 East elongation. 
57 39.0 47-5 43-25 
8 17 39.0 46.3 42.65 
56 35-2 48.4 41.80 
: , | A. Pf. 
P.M. Line of detorsion, 280°. Azimuth circle, 6 5 
B. 190° 59’. 
12 35 32.4 41.0 36.70 
12 45 30.6 40.1 35-35 
1 25 24.8 44.1 34-45 West elongation. 
35 28.3 41.7 35.00 
48 28.1 43.8 35-95 
| 
} DETERMINATION OF AXIS OF MAGNET. 
(Magnet observed alternately erect and inverted.) 
: | Alternate : 
| Scale. | Scale Readings. | Mean. meg Axis. 
READINGS OF AZIMUTH MARK. l 
F 4 | d. d. d. d. d 
ek: P eer 
At beginning of a.m. observations . . . 262° 47 E | 40.3 45.1 42.70 | oat 
Atend of a.m. observations . . Ape 262 47.5 I | 35-2 23.0 29.10 42.70 35-90 
At beginning of p.m. observations . . . 262 41 E | 33-5 $1.9 42.70 29.00 35.85 
Atend of p.m. observations . ... . 262 41.2 I 38.8 19.0 28.90 42.52 35-71 
° ’ | 
av PRO Rae Care ee Se eae ae | E | 34-7 50.0 42.35 | 28.72 35.54 
mz | 29.8 27.3 28.55 | 42.12 35-34 
| 
| E | 35.8 | 48.0 41.90 | 
| | | Mean 35.67 
Re Mean scale reading of east and west magnetic elongation . a ee ie Se 39.52 
Reduction to axis . ° -++-07'.7 = difference = 3.85 
\ Azimuth circle reads ee a ce ee ae ee, 
Magnetic south meridian reads. 2... 1. 1 1 ee ee ew TE OQ 
Magnetic north meridian reads . . . . . . «1 ee + + 1QE))| (OQ 
Mean reading of mark . + 262 44.2 


Azimuth of mark E. of N. oe 8 « 6 eee eee 
BS ae ee ee ee ee 00.5 
Magnetic declination 24 51.4 W. of N. 














124 G. R. Putnam. 


SEcTION 21. Example of Observations of Magnetic Dip. Station, 


Sydney, Nova Scotia. Date, July 11, 1896. Dip Circle, No. 4,655. 
Needle No. 2. } 


POLARITY OF MARKED END B NORTH. 















































aa 
Circie East. Circte West. 
Face East. Face West. Face East. Face West. 
S. N. Ss. N. Ss. N. S. | N. 
CS i) 
° ’ ° , ° ’ ° ’ | o ’ ° ’ ° ' ° ’ 
73059 73 «61 74 02 74 04 7§ 63s 75 29 75 «31 . 75 28 
61 60 or 04 | 31 24 29 26 
wf 
| | 
73 60.0 73 60.5 74 = «O15 74 04.0 75 33-0 7, 26.5 75 30.0 | 75 27.0 
a5 Gon 74 02.8 75 29.8 75 28.5 j 
74 O15 75 29.2 { 


Mean, 74° 45'.4. 


POLARITY OF MARKED END B SOUTH. 





Circe West. Circre East. 
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Face West. Face East. Face West. Face East. 
s. | N. Ss. | N. Ss. N. Ss. N. 
° ’ | ° , ° ‘ ° ¢ ° , 
52 75 75 31 73° «41 73. «38 74 10 74 99 
58 50 33 3 4° 39 18 15 
| | 
74° «(57-5 | 74 51.0 75 = =33-5 75 31.0 73 49.5 73 38.5 74 14.0 74 «12.0 
74 54-2 75 32.2 | 73 39-5 74 13.0 
75 13.2 | 73 56.2 
Mean, 74° 34’.7. 
, ad 
Resulting Dip, 74° 40’.0. 
: a h. m. DETERMINATION OF MaGnetic Mgripian. 
Local time of beginning . . . . .. mt 28 A.M. Circle in magnetic prime vertical. 
Local time of ending . ..... . IF §5 A.M. . * 
Circle N, NeedleN.. . . ..... 57 43 
Magnetic meridian reads. eT ee 61° 16’ :. 
Circle N, Needle S.. ....... §8 12 ; 
Circle S, Needle N. . ee a 
Circle S, NesdieS. . . 1... 2s s GR 28 
PE 6 ki ee oe BB 








The above scheme of observation comprises a complete system of reversals of the position of the needle, the 


position of the circle, and the polarity of the ends of the needle, with the idea of eliminating all sources of error 
due to the form and magnetism of the needle, etc. 














“ 
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SEcTION 22. Example of Observations and Computation of Hor- 
izontal Intensity of Earth's Magnetism.— The method used depends 
on the determination of two relations between the horizontal inten- 
sity (7) and the magnetic moment (m) of the principal magnet used. 
By using this magnet to deflect another magnet suspended in the 


earth’s field, the relation oF is obtained, and by oscillating the prin- 


cipal magnet the product m H is determined, and by combining these 
two results # and AH are found. The observations and reductions re- 
quired are shown in the following forms, together with the formulas used. 


DEFLECTIONS WITH THEODOLITE MAGNETOMETER. 


Date, July 11, 1896. Station, Sydney, Nova Scotia. Instrument, Magnetometer 19. Mag- 
net 19L, deflecting at right angles to Magnet 19s suspended. Deflecting distance y = 49 cm. 





7 






























































, 3 CrrcLe READINGS. Circe READINGs. 
& 6 No. A B Mean. No. A B Mean. 
= a 
° ’ " ‘ ° ’ ' ’ 
E. I 193 35-5 34 34-75 coos | eeeeeeceee 
2 2 ae oe eee cece asad 2 188 17 16 16.50 
cs 
a 
E 3 37 35 36.00 sess | ceeeeeeeee 
Mean. 193 35.38 188 16.50 
an rc mne Me és Pree | 6 188 =. 23.5 22 22.75 
E. 7 193 30 28 29.00 an oe re 
3 Ww. eee | Anedgindae eo cece 8 23.5 21 | 22.25 
> | i | 
| Mean. 193 29.00 188 22.50 
ies > es ‘3 | id 
Computation : Bae sin wu (r— — ....) 
r 
° ’ Logarithms. 
Magnet East, 2% = 5 18.88 
Magnet West, 2 « = 5 06.50 ; 9.69897 
Mean 5 12.69 +3 5.07112 
— _ 36.34 Sin « 8.65763 
r— a 0.00076 
, m. A.M. < “i 
Time of beginning . . 10 30 Temperature . . . 17.2 py 
1+ = 0.00004 
Time of ending . . . 10 43 Temperature . . . 23.5 ° 
Bhsch 
Mean ..... 10 36 aa ee H 3.42852 














P is the so-called distribution coefficient. 
2hm 
1+ ; 


rT 





is the induction correction. 

















126 G. R. Putnam. 


OBSERVATIONS OF OSCILLATIONS. 


Date, July 11, 1896. Station, Sydney, Nova Scotia. Instrument, Magnometer 19. Mag- 





s 
net, 19L. Chronometer, 1823 (sidereal) daily rate 235.0 gaining on mean time. 













































































44 
Number A i 
0 Chronometer Temp or ature Extreme scale readings. —— of | 
oscillations. time. . 100 oscillations, : 
bi a:  « a m s. 
° 9 28 52.3 23.7 22.9 —e - B .  ceaneivs ° 
‘ 
Right ... 10 29 044.6 sane aye Speirs Sab isscteees f ‘ 
| 20 30 037.2 sie Goes oa!) ee : 
| 31 31 34-7 see sees cose =f tt cee 
Left . ° 41 32 -27.0 eae sone en, ey re f 
| 51 33. «19-4 owe eaee Siew a aah 
100 9 37 36.6 8 44.3 
Right . . . 4110 38 ©. 29.0 eae on sais 44-4 
120 392m oe eae is 43-9 
131 42 «19.0 ona gums or 44-3 
te. ss Oe 41 ILS bse eee capee 44.5 
151 42 03.7 18.2 24.9 34.1 44-3 
(10h. 14m. a.M.) Means. 21.0 24. 36. 8 44.28 
Determination of coefficient of torsion. Value of one scale div’n = 2’.0. 
| 
Torsion circle. Scale. | Mean. | Differences. Logarithms. 
, 
330 24.9 34.1 29.50 v=3.4 
1.50 5400’ + v’ 3-73267 
60 24.0 38.0 31.00 
3.50 5400 (ar. co.) 6.26761 
240 23.0 32.0 27.50 \. 
™-75 r+ a 0.00028 
330 22.5 36.0 29.25 
Mean v = 1.69 
1 
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COMPUTATION. 


h' 


re=re(1+ 2) (:-—(¥ —#)¢)@ +44) 
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where the quantities in the parentheses are respectively the torsion, temperature, and induction corrections, and 
T is the corrected time of oscillation. 


















































s. 
Observed time of 100 oscillations = 524.28 
Time of one oscillation = 5.2428 
Correction for rate =— 014g 
Correction for arc as pone 
os 5.2285 
| | Logarithms. 
q | -00049 a 
v—t | 21.0 — 20.4 = + 0.6 F 0.71838 
q , T'2 1.43676 
i —A¢ + .00029 
1+ us 0.00028 
1—(? —2)¢ 0.99971 y 
1—( —2)¢ 9-99987 
mH = a? M 1+-hH 0.00084 
™” 7 1.43775 
where #¢ = magnetic moment of magnet (ar. co.) T'2 8.56225 
#H = horizontal force of earth’s magnetism 2 0.99430 
M= moment of inertia of magnet M a.esnas 
T = time of oscillation. 
es x mH 1.80800 
-61826 
m = 415.2 (at 22.2 °C.) oe 
H . 18 
A= 0.1548 aw 





Observations of deflections, 


Date, July 11. 


Hour, roh. 36m. A.M. 


Temperature ¢ = 22°.2C. 











m 

Pre 3.42852 
H 

mH 1.80800 
m2 5.23652 





2.61826 
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SECTION 23. Example of Time Observations in Connection with 
Pendulum Work. —In Table P is given an example of one night’s 
time observations at Umanak, using the star list given in Table O, 
The transits of eight stars (four in each position of the telescope) 
across the meridian were observed by the eye and ear method, noting 
the time of passage across each of five lines. The value of one divi- 
sion of the striding level of meridian telescope No. 13 (used in these 
observations) was 1.68 = 0*%.112. To obtain the level error (4) of the 
instrument, one-fourth this amount (or 0*.028) is to be multiplied into 
the sum of the readings west end of level minus sum of readings of 
east end. In this form the means of the times are taken for each 
star, and the diurnal aberration (A) and level (46) corrections are ap- 
plied, and compared with the apparent right ascensions of the stars as 
taken from the Berliner Jahrbuch or the American Ephemeris. The 
resulting values, a — ¢, are the chronometer corrections not yet free 
from the collimation (c) and azimuth (a) errors of the instrument. In 
Table Q is shown the computation of these errors and the derivation 
of the final chronometer correction by the field method of time com- 
putation.! The three stars of small declination (time stars) of each 
group are combined and treated as one star by taking the means of 
their a — 7, Cand A respectively. A first approximation to c is found 
by dividing the difference between the a — ¢ for the two groups of time 
stars (positions & and W) by the difference of the mean C. Applying 
then the collimation correction (— Cc), the quantities a — ¢ — Cc re- 
sult. The azimuth errors (a, and a,,) are next derived by dividing the 
difference between a — ¢ — Cc for time stars, and azimuth stars by 
the difference in A, treating each position of the instrument sepa- 
rately. The azimuth corrections (Aa) are next applied, and if the 
resulting values a — ¢ — Cc — Aa differ for the two positions it indi- 
cates that the first value of ¢ may be improved. The difference may 
be regarded as the effect of collimation error, and treated as before to 
obtain a correction to c. With improved values of c, a, and a,, this 
method may be continued until the chronometer corrections in the 
two positions of the instrument agree. In general where the stars 
for observation are conveniently chosen, the first approximation will 
be sufficient, as it would be in this example. When satisfactory val- 





! This field method of reducing time observations is more fully explained in App. No. 9, 
Report C. and G. Survey for 1896 (not yet published). 
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ues of c, a, and a,, are obtained, the corrections Cc and Aa are applied 
to each star separately, and the chronometer corrections (A 7) and re- 
siduals (v) derived. The mean of the former is taken as the final chro- 
nometer correction at the epoch of the mean of the right ascensions. 


TABLE O.—STarR LIST FOR OBSERVING, AND STAR FACTORS FOR COMPUTATION, FOR 
UMANAK, GREENLAND. Latitude, (¢) = 70° 40/ N. 























Star Factors. | 3 
a | ;e 
a | < | Be | es) 18. - 
g <s g | s | . | pace 
Star. ; 3 6 3 es | EQ ae |} 2eo% 
. oe | ne 30 es | Ss cts 
3 3 a | 3y ei, | 1 Sp | ese ll 
2 % = te I wef, ae J I ll | $3 
& = 3 Ss <3 | =. = 2&8 
a PI = Se ae EO 
Ss = a o | = | og 8 | 6 
| = m% A N | «a =. SEO 
| ——— - 
| jh ms. ° } ay | s. 
e Cyl. ws ie 2.6 | 20 42 0o4 33 35 +37 05 + .72 | 1.20 -95 —.o1 
76 Draco. ok eT 6.0 50 II 82 09 —It 29 —1.46 7-32 7.17 —.05 
y Cygmi. . - - 4.0 53 21! 40 46 +29 54 + .66 1.32 1.15 —.O1 
61 Cygnipr. ... 5-7 | 21 02 17} 38 14 | +32 26 + .68 | 1.28 1.07 —.o1 
i Oe. se SE Beet o8 34 | 29 48 | +40 52 + .76 | 1.15 87 —.O1 
¢ Cygni. . . - +] @0 10 42 | 37 36 +33 04 + .69 | 1.27 1.06 —.o1 
a Cephei ...-{ 2.6 16 09 | 62 09 +8 31 + .32 | 2.14 2.12 —.o1 
| | 
ts H. Draco. . . .| 45 22° 16 | 8 13 | —27 33 +3:24 | —7.00 —6.20 +.05 
(Sub-polar). | | 
| 
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G. R. Putnam. 


SEcTION 24. Example of Pendulum Observations. — Umanak, Green- 
Swing No. 5. 


land, August 10, 1896. 
knife-edge I. 


Pendulum A 6, reversed on 












































3 
1 ‘ ra 
" s. — i 
CoIncIDENCES OBSERVED. ‘ £5 | 3 
2 >o | E 
5 a ae 
| s o Es pide 
Chronometer 1,842. | Chronometer 177. = & 3& Ro) 
< al Qa < 
a. - & ‘. © « mm. °C, °C, 
Up 1 of 17 Down 12 59 35 | 4.5mm. = 52’ 7.3 11.05 10.55 ® 
Down: 04 18 Up ¥ os 33 
Up 3 o7 17 Down 1 05 31 4 
“ 
Down: 10 16 Up 1 o8 28 : 
Down8 30 41 Up 8 28 50 i 
Up 8 33 39 Down 8 31 44 
Down8 36 37 Up 8 34 42 | 
Up 8 39 35 Down 8 37 38 | 1.6mm.=19'| 68.7 | 10.6 10.6 
Interval from down coinci- 
eR? ico) wot wt a 7 32 19 7 32 07 | Means . 68.0 10.82 
Interval from up coinci- | 7 32 09 | Reduction “i a , § Thermo 
CN ae ah as 7 32 18 OC, . = —°-12- 1 correction. 
Mean interval ... . 7 ga 18 7 32 8 65.5 10.70 
= 271388. = 271288, 
Approximate time of two s. s. 
coincidence intervals 357°5 354-2 
Number of coincidence 
intervals . 152 154 
Time in one coincidence s. s. 
interval ee a 178.54 176.16 














The balance of the computation is summarized in the tables of results (H). 
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AN ANALYTICAL INVESTIGATION OF THE HYDROLY- 


STS OF STARCH BY ACIDS} 
By GEORGE W. ROLFE, A.M., anp GEORGE DEFREN, M.S. 
Received October 22, 1896. 


Few problems of commercial analysis have been so complicated 
and so discouraging as that of the determination of the components 
of starch conversion products. The well-known schemes of commer- 
cial analysis of worts and similar products of the action of diastase 
are based on the assumption that but two simple compounds are 
formed from the starch — maltose and dextrin. In the case of glu- 
cose syrups and starch sugars, which are the results of acid hydroly- 
sis, it is known that the reaction proceeds farther, as dextrose is 
formed from the maltose and: dextrin. 

Musculus and Gruber? decided that these reactions went on to- 
gether, so that, except at the very beginning or final stage of hydroly- 
sis, all of these compounds must be present in solution. 

The analysis of acid-converted gtarch products must, therefore, 
take into consideration the presence of the third compound, dextrose. 

Much doubt, however, has been thrown on the accuracy of such 
analyses, as during the past twenty years the researches of O'Sullivan, 





Nore. — Among the numerous errors incident to compilation, the authors have had 
their attention drawn to an important clerical errér which had been carried through the 
calculation of Tables C and E. ‘lhese tables have therefore been recalculated in this 
reprint. While these corrections have changed the carbohydrate values of Table C some- 
what and the constants of Table E, the values of A remain unchanged, and the tabulated 
results in Tables I, II, and III are not materially affected. Of the plate, Figure 3 is the 
only one affected by these corrections, and as the character of the curves remains unchanged 
it was not thought worth the trouble to prepare a new plate drawn exactly to scale, espe- 
cially as the correction on a plot of this size is hardly noticeable. In short, the main 
results of the investigation remain as originally set forth. 

* Reprinted from the Journal of the American Chemical Society, 18, No. ro, October, 1896. 
(Received July 3, 1896.) 
? Bull. Soc. Chim., 2, 30. 
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Brown, Heron, Morris, Bondonneau, Herzfeld, Musculus, Bruckner, 
Fischer, and other distinguished investigators, have shown that not 
only the simple compounds referred to can be isolated from starch 
products, but also many others of quite distinct optical and chemical 
properties. Space will not permit a review of this work, which is in 
many points conflicting. The recent conclusion of Lintner and Diill 
is that the following compounds result from hydrolysis :! 


Hydrolysis with oxalic acid. 
Amylodextrin. 


With diastase. 


Amylodextrin. 
Erythrodextrin I. 


Erythrodextrin IIa. 
Erythrodextrin II, 
Achroodextrin I. 
Achroodextrin II. 


Erythrodextrin I. 


Achroodextrin I. 
Achroodextrin II. 


Isomaltose. Isomaltose. 


Dextrose. Maltose. 


Others, as Brown and Morris,? deny the existence of the isomalt- 
ose of Fischer, Lintner, and Diill, and mention another compound, 
maltodextrin, as intermediate between dextrin and maltose.® 

In 1885, Brown and Morris* discovered the remarkable law that 
at any stage of the conversion of starch by diastase, the total product, 
in its optical properties and relation to Fehling solution, behaved ex- 
actly as if made up of two components only, maltose and dextrin, so 
that it was possible by taking thg rotatory power to calculate at once 
the cupric reducing power if the total carbohydrates were known. 
This law indicated that, however complicated the bodies isolated, they 
could be considered as existing in solution as two simple compounds, 
and did much to establish the validity of the principles of the usual 
commercial analyses of beer worts and similar products. 

The method of analysis of glucose syrups and starch sugars im- 
plies the assumption of a similar law, but the proof that this law 


actually exists under varying conditions of hydrolysis apparently has 
not been worked out. 





Ber. d. chem. Ges., 28, 1522-1531. 
2 J. Chem. Soc., No. 393 (August, 1895). 
3A very complete bibliography of the original publications on the carbohydrates is in 


Tollen’s Handbuch der Kohlenhydrate, 1, 331-360 (1888) ; 2, 368-398 (1895). 
“Ann. Chem. (Liebig), 231, 131. 
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Our investigations have been made, first, to determine whether 
there was any simple constant relation between the optical rotation 
and the cupric reducing powers of starch products hydrolyzed under 
different conditions ; and, secondly, whether any laws could be found 
affecting the three simple bodies assumed to be formed and deter- 
mined by the usual methods of analysis. 

Incidentally we have collected some data as to the speed of hy- 
drolysis, influence of carbohydrates on specific gravity of solutions, and 
some looking to the adoption of a more rapid and accurate method of 
determining cupric reducing power by Fehling solution. The latter 
data are included in a separate paper. The work on specific gravities 
is not yet sufficiently complete for publication. 


















































Fic. 1. 


An autoclave of the usual construction was modified in the follow- 
ing manner: The thermometer tube was taken out and in its place 
was attached a specially constructed valve, by means of which liquor 
cooking in a beaker in the interior could be removed at any time dur- 
ing the progress of the experiment. This superheated liquor was pre- 
vented from vaporizing by passing through a condenser. Excessive 
condensation into the beaker was prevented in large part by a well- 
fitting lead cap. The illustration sufficiently explains the apparatus. 
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In most of the work, about 100 grams of a good quality of com- 
mercial corn starch! was mixed with a liter of water containing the 
hydrolyzing acid. Samples of from 50 cc. to 75 cc. of the liquor were 
removed at different stages of the conversion, and immediately shaken 
up with a few grams of marble dust. Two drops of tenth normal 
sodium hydroxide solution were then added to the sample, which was 
cooled and filtered. This method of neutralization, except in cases of 
very low converted samples, gave an absolutely clear filtrate, the filtra- 
tion being exceedingly rapid, and the removal of the albuminoids being 
practically complete. Low converted products often required to be 
heated with aluminum hydroxide before filtering. 

The samples were tested as follows: 

(1) For specific gravity by Westphal balance, corrected to a tem- 
perature of 15.5°C. 

(2) Specific rotatory power ([a],) by a Schmidt and Haensch half- 
shade saccharimeter. 

(3) Cupric reducing power by means of Fehling solution. 

Total Solids. — Total solids were calculated from the specific grav- 
ity of the solution by the factor 0.00386, which was taken to repre- 
sent the influence of 1 gram of the mixed carbohydrates in 100 cc. of 
solution. Corrections were made when necessary for the influence 
of other substances in solution, not carbohydrates. This factor 386 
is practically that of Balling and Brix, and has been found exact for 
approximately 10 per cent. solutions of cane sugar, and the balance of 
evidence seems to be that it is correct for starch products.” 

We have made several determinations of this factor by drying 10 cc. 
of solution on rolls of dried paper at a temperature of 100-105° C. 
Our results point to the constancy of this factor 386, even in solu- 
tions of low rotatory power, but are not yet complete enough to estab- 
lish the value for all rotations. 

Therefore, in this work we have adopted the expedient used by 
Brown and Morris, and others, and calculated all optical and copper 





? An analysis of this starch by the usual commercial methods gave: 


Per cent. 
OMENS Se Dario Bie g mire ns ne 
eel meter as ae roy a Archogn tats Speed gd er PR. gk te 0.14 
Re os) Nee ee. Se ee Re. oe ee ee 
| ee at i cer 
AE Ce i he ee es ae ROE 

100.04 


* Recent results have modified our views on this point, but as used in our ca/cudations the 
factor 386 is correct. 














ae 


CERI: Ae RSS 


Sk eee 














Analytical Investigation of Hydrolysis of Starch by Acids. 137 


reduction constants on the assumption that all three carbohydrates in 
solution affect the specific gravity like cane sugar when the concen- 
tration is approximately 10 per cent. Even if subsequent investiga- 
tions show that this view is not exactly correct, the relative values of 
the constants will not be appreciably affected nor the truth of the laws 
as set forth. 

To illustrate this method of calculation of constants we give the 
following from our own determinations : 

10 grams of dextrose dissolved in 100 cc. of water gave a rota- 
tion of 30.70° on the Schmidt and Haensch saccharimeter. This 
gives [a], as 52.8.1 As the increase in specific gravity per gram of 
crystallized dextrose in 100 cc. is 0.00381, [a],.4, is 53.5. 

9.751 grams of crystallized maltose anhydride in 100 cc. of water 
gave a rotation of 77.40. This gives an absolute specific rotatory 
power of 136.6. The specific gravity factor of maltose being 0.00390, 
[2],,,96 1S 135.2°. No exact figure is known for the influence of crys- 
tallized dextrin on the specific gravity of its solution. O’Sullivan gives 
0.00385, and the balance of evidence seems to favor this. Hence 195 
is probably correct for [a], 5.” 

In like manner the values for A have been reduced to a dextrose 
with the factor 386. 

Specific Rotatory Power. — All readings were made as nearly as 
possible at a temperature of 20° C. in 200 mm. tubes, the mean of 
several readings being taken. Corrections for zero error were made 
frequently, and the instrument was carefully screened by glass plates 
from the heat of the lamps. Comparisons were made with a Laurent 
polariscope to determine the value of the division in terms of angular 
degrees for sodium light, the accuracy of the quartz wedges having 
been verified previously. With standard quartz plates the usual factor 
0.346 was obtained, but solutions of commercial glucose of approxi- 
mately 10 per cent. gave the figure 0.344, which agrees with the re- 
cent work of Rimbach® and other investigators. We have taken, 
therefore, the latter factor in our calculation. 


* Precautions against bi-rotation were taken in both examples cited. 
* Brown and Heron. Ann. Chem. (Liebig), 199, 190-243. 
3 Ber. d. Chem. Ges., 27, 2282. 
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TABLE A. 


COMPARISON OF SCHMIDT AND HAENSCH HALF-SHADE SACCHARIMETER WITH THAT 
OF LAURENT POLARISCOPE READING IN ANGULAR DEGREES. 











Uigmeaugunraiua) |.. Guta)” 
Test. th : 3 a g 3 
% N "i % N “2h es 
¢ = 20— 22) 
mee A 2. . . 62.965 0.300 | 62.665 21° 40/ 0 21.666° | 0.3457 
QuswmaA . .. 62.800 0.150 | 62650 | 21° 40/ 0 21.666° | 0.3458 
QuartzA ... 62.970 0.290 | 62.680 | 21°40.2/ | 06 | 21.660° | 0.3458 
QuatteA . .. 62.836 0.130 | 62.706 | 21°40.7/ | 0.6 | 21.666° | 0.3455 
GlucoseeA.. . 77.510 0.277 | 77.233 | 26° 35/ 0 | 26.582° | 0.3442 
GlucoseB.. . 76.355 0.150 76.205 26° 15.3/ | 0 26.254° | 0.3445 
GlucoseeB .. . 76.355 0.150 | 76.205 26° 14/ 0 26.233° | 0.3442 
GlucoseC . . . 76.535 0.150 | 76.385 26° 18/ 0 26.300° | 0.3443 
GlucoseD.. . 76.110 0.130 | 75.980 | 26° 10.3’ | 0.6’ | 26.162° | 0.3443 
(¢ = 25) 

Hydrolyzed starch , E. 92.73* 00 | 92.73 31° 56/ —!’! 31.95° 0.3445 
products . ; F. 24.84 00 | 24.84 8° 32/ —l/ | 8.55 0.3442 
































Cupric Reducing Power.— Our method is practically that of 
O’Sullivan, first published in 1876. The copper is weighed as the 
oxide. We have found this method exact and rapid. An analytical 
investigation of this process has been made by one of us, and given 
in detail in a separate paper. 

Plotted Results.—To show the relationship of the copper-reduc- 
ing power, and the specific rotatory power of the products formed 
during the progress of the hydrolysis of the starch, we have plotted 
our results, taking as abscisse the decreasing values of the rota- 
tory power, from the amylodextrin stage (195°) to that of dextrose 
({@],,,s5 = 53-5°), and as ordinates the cupric reducing power (K,,,) tak- 
ing that of an equivalent weight of dextrose as 100.2. (See Figure 2.) 





? Using Welsbach burner. 
? Data given in Table B. 
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The results point to the remarkable fact that the cupric reducing 
power of the total product bears a constant relation to the specific 
rotatory power, even when the starch is hydrolyzed under widely vary- 
ing conditions. Hence, given the one, the value of the other can be 
calculated. Toa rotation of about go°, the plotted results outline with 
extraordinary exactness the arc of a circle, the equation of which is 
very nearly 

a + y? — 758x + 772.47 = 0, 

which exactly intercepts the “zero” and “hundred” points at 195 
and 53.5, respectively. The upper part of the curve is not so well 
defined, the results showing more discrepancy at the high conversion 
stages. This may be due to some decomposition, and the formation 
of “reversion” products as stated by Wohl,! Maercker, Ost, and oth- 
ers. Wohl’s figures show the maximum amount of dextrose possible 
to be 92.7 per cent. of the theoretical quantity. Others give 96 to 
97 per cent., the missing dextrose being supposed to be converted into 
dextrin-like bodies identical with those variously described as “ galli- 
sin,” ‘isomaltose,” etc. “We have experimented but little along this 
line, having made but one hydrolysis with this special object, using 
ziy hydrochloric acid at four atmospheres pressure, with the follow- 
ing results : 


Time of cooking. [4]. 
60 minutes 55.24 
90 minutes 53.09 
120 minutes 53.40 
150 minutes 54.42 


While several of our own results at the low rotations show a cu- 
pric reducing power of only about 96 per cent. of that of pure dex- 
trose, we do not think that we are justified in arriving at any definite 
conclusion with the data at hand. 

That the solutions begin to color considerably at rotations beyond 
go° is, moreover, a strong indication of such decomposition. On the 
other hand, this accounts for much of the discrepancy of the plot at 
this part of the curve, as it is exceedingly difficult to get accurate 
readings on the saccharimeter of these highly colored solutions. 
Obviously, too, slight errors in the readings affect the calculations of 
the rotatory power the most at these lowest rotations. 





* Ber. der chem. Ges., 23, 2101. 
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Quite as noteworthy are the curves! plotted by taking the values 
of maltose, dextrin, and dextrose as computed for every five degrees of 
rotation from the values of A, as given by this curve. 


= 


n 
° 


SLNAIIVIS 


PERCENTS of CARBOHYDRATES 
PER OEGREE, &I, 


FIG. 3. 


In this work we have figured constants for solids estimated from 
the specific gravities of solutions by the factor 386, and calculated 
percentages by the well-known equations: 


gt+m+d= 1.00 
g+061m = K 
195d + 135.2m + 53.5¢ =a 
Where g is per cent. dextrose, 
m is per cent. maltose, 
and d is per cent. dextrin. 
a+ 141.5K — 195 


Hence m = 26.52 





Examining these curves we see that the dextrin starting from the 
maximum of 100 per cent. gradually falls to zero near the rotation 





*See Figure 3. 
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corresponding to dextrose, while the maltose gradually rises, reaches 
a maximum percentage of 46.2 at about 129° rotation, corresponding 
to the usual state of conversion of commercial glucose, and then falls, 
+ disappearing at 53.5°. The dextrose, on the contrary, steadily mounts 
to 100 per cent. It will be noted, too, that at the point of maximum 
maltose the dextrin and dextrose, as shown by the intersection of the 
curves, are present in equal quantity. 

Tests with phenylhydrazin acetate show the presence of the dex- 
trose distinctly at about 185°, and we had hoped to prove the gradual 
rise of the dextrose percentage by means of the dextrosazon. While 
copious precipitates of this beautiful compound were obtained, any 
attempt of ours to isolate it in anything like quantitative amounts 
proved a failure, even in solutions containing a known amount of pure 
dextrose. We hope to take this up more fully in a later investigation. 

We have also calculated a table (Table C) from the curves, giving 
the value of maltose, dextrose, and dextrin within .1 per cent. for suc- 
cessive stages of acid hydrolysis represented by each degree of rota- 
tion between 195 and 53.5. This table, calculated for the factor 
386, makes no allowance for possible decomposition of high-converted 
products. 
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TABLE C. 


CALCULATED VALUES OF CUPRIC REDUCING POWERS AND PARTS OF MALTOSE, DEx- 
TROSE, AND DEXTRIN PER UNIT OF CARBOHYDRATE FOR EACH DEGREE OF ROTA- 
TION OF A NORMALLY HyYDROLYZED STARCH SOLUTION. 
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TABLE C. — Continued. 











[a] K | | 1 
D386 386. | ™ 386 £386. #386 
142 0.458 0.445 0.188 0.367 
141 0.465 0.448 | 0193 0.359 
140 0.473 0.450 | 0.199 0.351 
139 0.481 0.452 0.206 0.342 
138 0.488 0.454 0.212 0.334 
137 0.496 0.456 0.219 0.325 
136 0.503 0.458 0.224 0.318 
135 0.510 0.459 0.230 0.311 
134 0.517 0.459 0.237 0.304 
133 0.524 0.460 0.244 0.296 
132 0.531 0.460 0.250 0.290 
13] 0.538 0.461 0.257 0.282 
130 0.546 (0.462 0.264 0.274 
129 0.553 0.462 0.272 0.266 
128 0.560 0.462 0.279 0.258 
127 0.567 0.461 0 284 0.253 
126 0.574 0.460 0.294 0.246 
125 0.580 0.460 0.301 0.239 
124 0.588 0.459 0.308 0.233 
123 0.595 0.458 0.315 0.227 
0. 4: 
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TABLE C. — Concluded. 
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It would seem obvious that we are now prepared to determine 
whether a sample of glucose is a product of one hydrolysis or is a 
mixture of two separately converted products, by comparison of the 
actual analytical results with those calculated from the rotatory power. 

For testing this method we have made a few analyses of commer- 
cial glucoses obtained in open market. 

In the manufacture of glucose syrup all the starch is not hydro- 
lyzed under strictly the same conditions, as the factory practice is to 
pump the starch into the converter which is under steam, pressure 
and already contains the hydrolyzing acid. As the filling of a con- 
verter takes about one-third of the total time of cooking, it is clear 
that there is a radical difference in the time of hydrolysis of different 
portions of starch. Nevertheless, we have found that samples known 
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to have been made under these conditions conform to the laws of our 
curve, and the evidence seems strong that those which depart widely 
from these conditions are mechanical mixtures. 

The following determinations of four samples of commercial glu- 
cose, giving the cupric reducing power as found and as calculated for 
the corresponding rotation, will illustrate the method: 





Sample. X36 (obtained. ) K 386 (calculated.) 





I. C.PopeCo.(J) .... 0.520 0.537 
Il. C.PopeCo.(M).... 0.578 0.578 


Ill. RockfordCo. ..... 0.454 0.457 


FV, ChicaaeOCa: 22. s as 0.505 0.495 














Evidently II and III are normally hydrolyzed. IV is possibly a 
mixture, while I is undoubtedly so. As this latter is a sample of jelly 
goods which in factory practice are often made by mixing two lots, our 
conclusion is strengthened. 

From the results as a whole we have concluded that the evidence 
is strong: (1) That in any homogeneous acid-converted starch product, 
irrespective of the conditions of hydrolysis, the specific rotatory power 
always represents the same chemical composition. 

(2) That but three simple carbohydrates,! possibly in molecular 


aggregates, exist in the solutjon of a starch product hydrolyzed by 
acids. 


DETERMINATION OF THE CONVERSION OF COMMERCIAL GLUCOSE. 


In the manufacture of glucose it is obviously essential to have 
arapid means of determining the degree of conversion of the starch 
during the cooking process. The usual factory practice is to control 
the conversion by means of iodine color tests. These tests are usu- 
ally made by adding a definite number of drops of standard iodine so- 
lution to a test-tube of the cooled glucose liquor. The tint at which 





* Leaving out of consideration the possible small amounts of products formed by rever- 
sion. 
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the conversion is considered complete varies in general practice from 
that corresponditig to [a], = 128 to [a], = 135, the variation being 
even greater in some cases, depending on the ideas of the manufac- 
turer, and the grade of goods desired. 

By daily practice workmen become quite expert in making these 
iodine tints, which are usually carried out by crude methods and read 
off without comparison with any standard. Nevertheless, the product, 
when examined by more refined laboratory processes, shows wide vari- 
ations from day to day, which does not appear surprising when we ex- 
amine into the errors of such color tests. 

Assuming that the test is carried out under uniform conditions of 
concentration and proportion of reagent to liquor to be tested, which 
is by no means always the case, the other conditions affecting the 
color are (1) temperature, (2) turbidity, and (3) illumination. 

Uniform temperature can be obtained easily by some simple cool- 
ing device, as a stream of running water. 

The acid converter liquors are always turbid when tested, as filtra- 
tion in this rapid testing is impracticable. The turbidity, however, is 
fairly constant. It is the third condition, that of illumination, which 
is constantly variable, and which gives rise to-the greatest error. 
This source of error can be largely eliminated by the use of a com- 
parison standard, prepared of the same volume as that used in the 
color test, and hermetically sealed in a glass tube of the standard size 
used in testing. Mixtures of solutions of iron salts with finely pulver- 
ized glass, giving the requisite turbidity when shaken, can be easily 
made to exactly match the iodine tint, and will preserve their intensity 
indefinitely. When properly adjusted by means of polariscopic tests, 
such standards have served well to fix the point of conversion within 
narrow limits, and have done much to insure a uniform product. 

It is of course important that there should be in the hands of the 
chemist or superintendent of the works a much more exact means of 
testing the degree of conversion. This is most naturally accomplished 
by determining the specific rotatory power. 

We have arranged a table for quickly calculating specific rotatory 
power, and found it so useful that we venture to publish it. The fol- 
lowing simple calculation will sufficiently explain the principles on 
which the table has been worked out: 
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TABLE D. 


TABLE FOR DETERMINING SPECIFIC ROTATORY POWER OF SOLUTIONS OF 7.50°10° BRIX 
BY READING OF VENTZKE SACCHARIMETER. 





| 








Brix. | Specific gravity. | tt 91 Log ve. | Brix. | Specific gravity. cihebes | Log 22. 
| | 
| 
7.50 1.0298 7.724 | 0.3477 || 8.80| 1.0382 9.110 | 0.2760 
7.55 1.0300 7.777 0.3447 || 885) 1.0354 | 9.163 | 0.2735 
7.60} 1.0302 7.829 | 0.3418 | 8.90| 1.0356 | 9.217 | 0.2709 
7.65 1.0304 7.883 | 0.3388 | 8.95 1.0358 | 9.270 | 0.2684 
7.70 1.0306 7.936 | 0.3359 | 9.00 1.0360 9.324 | 0.2657 
7.75 1.0308 7.989 | 0.3330 || 9.05 1.0362 9.378 | 0.2634 
7.80 1.0310 8.042 | 0.3301 || 9.10 1.0364 9.430 | 0.2610 
7.85 1.0312 8.096 0.3272 || 9.15 1.0366 9.484 | 0.2585 
7.900 1.0315 8.149 0.3244 | 9.20 1.0368 9.538 | 0.2560 
7.95 1.0317 8.202 | 0.3216 | 9.25 1.0370 9.592 | 0.2536 
8.00 1.0319 8.255 | 0.3187 || 9.30 1.0372 9.646 | 0.2510 
8.05 1.0321 8.308 | 0.3160 | 9.35 1.0374 9.690 | 0.2488 
8.10 1.0323 8.361 | 0.3132 | 9.40 1.0376 9.753 | 0.2464 
8.15 1.0325 8.415 | 0.3104 || 9.45 1.0378 9.807 | 0.2440 
8.20 1.0327 8.468 | 0.3077 || 9.50 1.0381 9.862 | 0.2415 
8.25 1.0329 8.522 | 0.3050 || 9.55 1.0383 9.916 0.2391 
8.30 1.0331 8.575 0.3022 | 9.60 1.0385 9.970 | 0.2368 
8.35 1.0333 8.629 | 0.2995 | 9.65 1.0387 10.023 0.2346 
8.40 1.0335 8.682 0.2969 || 9.70 1.0389 10.077 | 0.2323 
8.45 1.0337 8.735 0.2943 | 9.75} 1.0391 10.130 | 0.2300 
8.50 1.0339 8.788 0.2916 || 9.80 1.0393 10.185 | 0.2277 
8.55 1.0341 8.842 | 0.2889 | 9.85 1.0395 10.239 | 0.2252 
8.60 1.0343 8.895 0.2864 || 9.90 1.0397 10.293 | 0.2231 
8.65 1.0345 8.49 | 0.2838 || 9.95 1.0399 10.347 | 0.2207 
8.70 1.0347 | 9.002 | 0.2812 || 10.00 1.0401 10.401 | 0.2185 
8.75 1.0350 | 9.056 | 0.2786 || nor re xine 
| | 














Taking the usual formula for the specific rotatory power, a = in 
- 
where a is the angle of rotation of w grams of the active substance 
in v cc. of solution observed through a column / decimeters long. If 
we make a = a, it is plain w is the weight of substance under stand- 
ard conditions which will give a direct reading of the specific rotatory 
power without calculation. In an instrument reading in angular de- 
grees under the usual conditions of v = 100 and / = 2, w is therefore 
50 g. 
If a is the reading of a saccharimeter with the Ventzke scale, 
w= 50 X 0.344 = 17.20, and the specific rotatory power of any solu- 
tion of known concentration of an optically active substance will be 


’ 
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17.2a 





The easiest way of finding the concentration of glucose solu- 


tions with sufficient exactness for this work is by the Brix (or Balling) 
hydrometer, as this instrument is now made of great accuracy. 

Brix hydrometers are carried in regular stock of the larger houses 
dealing in chemical apparatus for brewers and sugar manufacturers, 
with scales having a range of about five degrees and easily read to 
0.05 percent. Thermometers are attached having corrections for tem- 
perature marked on the scale. Concentrations of about 10 per cent. 
are most convenient for polarizing; hence a spindle will be needed 
reading from 5 to IO per cent. 

The method of determining rotatory powers is as follows: The 
glucose is diluted to an approximately Io per cent. solution. An exact 
Brix (or Balling) reading is taken, corrected for standard temperature,. 
and the solution polarized in a 200 mm. tube in‘any saccharimeter with 





the Ventzke scale. The logarithm of the factor Lard correspond- 
w 


ing to the Brix reading is then found in the table. Therefore, the 
17.20 
Ww 
finding the logarithm of the saccharimeter reading, and the number 
corresponding to the sum of this, and the logarithm given in the 
table. This number is the required specific rotatory power. 

Thus a solution of 7.85 Brix having a reading of 51.7°, Ventzke, 
has the rotatory power of its anhydrous carbohydrates determined as 
follows : 

By the table, the corresponding logarithmic factor is 0.3272. 

Log 51.7 = 1.7135 
Factor 0.3272 


calculation which is, log [a], = log + log a, simply requires. 





2.0407 = log 109.8, 
which is the required rotatory power. 
In this calculation no correction is made for ash, which, as a rule, 
does not affect the results appreciably. 
The errors due to the slight variations in the concentration of the 
solutions used and changes in the temperature of the laboratory are 





? Obviously a table made on the scheme of the well-known Schmitz table for cane-sugar 
syrups would do away with all calculation. Such a table is, however, rather bulky for inser- 
tion here. 
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too small to be taken into consideration in factory work or in general 
commercial analysis. The method in practice is quite as rapid as the 
“quotient of purity” determination of cane-sugar syrups. We suggest 
that this, or some similar scheme, be uniformly used for expressing the 
results of all polarimetric investigations of honeys, syrups, and simi- 
lar indeterminate mixtures of carbohydrates met with in commercial 
analysis, instead of merely giving the polarizations, or the specific 
rotatory powers referred to the weights of the samples. The advan- 
tages are obvious. Such analytical results would be close approxima- 
tions to the exact specific rotatory powers of the mixed anhydrous 
carbohydrates, and would be convenient of interpretation by inspec- 
tion as being directly comparable on what is, for all practical purposes, 
an absolute standard, and the one used in all strictly scientific work of 
the kind. 


Tue SPEED OF THE HyprRoLysiIs oF STARCH BY ACcIDs.! 


The laws of the speed of hydrolysis of the carbohydrates with the 
exception of that of cane-sugar have been but little studied. Solo- 
mon? has collected some data on the action of various acids at boiling 
temperature. Welhelmy® showed in the case of the catalytic action 
of hydrochloric acid on cane-sugar, that if the amount of acid and the 
temperature remained constant the rate of the inversion at any speci- 
fied moment is proportional to the amount of unchanged sugar present 
at that moment. 

That is, if A, represent the amount of sugar originally present, 
x the amount of this sugar changed over in any period of time ¢, and ¢ 
the reaction-constant, we have = =c(A 

The relative values of the constant c, of the various acids in their 
action on cane-sugar, have been determined by several observers, nota- 
bly Ostwald,* who has compared, by means of their constants, the rel- 
ative effect of chemically equivalent quantities of a large number of 
acids, taking the constant of hydrochloric acid as a standard with the 
arbitrary value of 100. 





* We are greatly indebted to Professor A. A. Noyes, of this department, for valuable aid 
in calculating the results of this work on speed of hydrolysis. 


? J. prakt. Chem. (2), 28. 
3 Ber. d. Chem. Ges., 18, 2211. 
*j. prakt. Chem., gor (1884). 
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Recent work shows that acids act on salicin,! one of the glucosides, 
in a manner analogous to that of cane-sugar, the speed of hydrolysis 
of this body by the different acids bearing the same relation to hydro- 
chloric acid. 

The observations noted above suggested the possibility that in the 
hydrolysis of starch the acids would show the same proportional speed 
of reaction. This is an especially interesting problem, because the 
starch molecule is exceedingly complicated, the molecular weight be- 
ing undoubtedly very high. Starch hydrolysis, however, must be 
considered as somewhat different from that of cane-sugar or salicin. 
While these are easily soluble in cold water, starch is totally insoluble 
at ordinary room temperature. On the other hand, amylodextrin, the 
product of decomposition of starch by boiling water, is somewhat sol- 
uble in cold water, its solubility increasing with rise of temperature. 

As by the customary procedure in determining speed of hydroly- 
sis, it would be necessary to ascertain the exact moment when all the 
starch has been ‘converted into the soluble form, a point not conven- 
iently determined, we have adopted a method of measurement based 
on the following principles : 

The conversion products of starch, with the possible exception of 
those of very high rotatory power, are easily soluble in water, and can 
be looked upon as mixtures of maltose, dextrose, and dextrin. 

The starch first changes to amylodextrin. The hydrolysis then pro- 
ceeds by successive stages through the so-called maltodextrin, maltose, 
and dextrose. ‘ Reversion,” so-called, may take place to some extent, 
a small amount of the dextrose forming dextrin-like bodies, “ gallisin,” 

“‘isomaltose,”’ etc., but this point is not considered in this work. The 
dextrin may, therefore, be looked upon as the original substance hydro- 
lyzed, and maltose and dextrose as successive products of the reaction. 

Further, we have shown that, whatever the condition of hydrolysis 
by acids, the specific rotatory power of any conversion product cor- 
responds to a definite chemical composition, tables for determining 
which we have constructed. - 

Thus, for instance, a conversion product of 160° has been proved 
to contain 54.0 per cent. dextrin, the remainder being maltose and 
dextrose. 


Hence, the time of taking any sample after the contents of the 








* Noyes and Hall; Ztschr. phys. Chem., 240 (1895). 
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autoclave have acquired constant temperature, which requires about ten 
minutes, can be taken as the initial point for determining speed of 
hydrolysis, and all subsequent samples referred to this, as it is obvious 
that in any sample we can ascertain the dextrin unacted upon at that 
stage of the hydrolysis. The same holds true of maltose. 

We have to deal with two reactions, the first being the hydrolysis 
of dextrin to maltose. 

If A, is the amount of dextrin at the initial point taken, A, — x, 
the amount remaining at any time, ¢, and ¢ the constant depending on 


conditions of hydrolysis, we get, = =c (A, — x). 





A I 
- ‘ , ; A 3 
This, on integrating, gives nat. log 7: = ct, or e nat. log 


—_° = ¢, which is the general equation of a first-order reaction. 


The second decomposition is that in which maltose is hydrolyzed to 
dextrose, and is peculiar in so far as it proceeds simultaneously with 
that by which the maltose is formed. Asa result of the hydrolysis 
of the dextrin, the maltose increases rapidly to a maximum of 46.2 
per cent. at a rotation of 129°. It then gradually diminishes, while 
the dextrose percentage always increases. 

Consequently, the equation expressing accurately the rate of 
change in the total amount of maltose present is quite complicated, 
and we have, therefore, used an approximate formula, which is suffi- 
ciently exact for the work in hand. The formula is derived from the 
exact differential equation 


aD 


alia ee 


which states that the amount of dextrose formed at each moment is 
proportional to the amount of maltose present by replacing the differ- 
ential quantities by finite differences, which in applications of the 
formula must of course be taken small. In the place of W/ the aver- 
age amount of maltose present during the interval of time considered 
is also substituted. That is, if 1/4, and MQ are the amounts of maltose 
present at the time, 7, and “, and D,; and D2 the amounts of dextrose 
present at these same times, and ¢, is the reaction constant, we get as 
a result of the above-mentioned substitutions : 








j 
{ 
f 
t 
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or, 





D, — Di = & nla 
I Dz— D, 
bg ty M, + NM 
2 


(tg a t), 


= 


The results are contained in the following tables: 


Hydrochloric acid 0.02 normal at 2 A ¢ = 135° C. 


TABLE E. 


SPEED OF HYDROLYSIS OF STARCH. 



























































t, = 20; [a]??,,, = 161; A, = 55.0. 
i A Da— PD, 
uae) eon Ay— +. log? Ao = x C. my + Me C2. 
2 
10 | 137 | «(32.5 2285 0219 3286 0329 
20 118 19.6 4481 0224 .3225 .0333 
30 101 10.9 .7130 .0237 3417 .0342 
40 87 5.5 1.0000 0225 3816 .0382 
50 76 2.8 1.2932 0258 4296 .0430 
60 69 1.7 1.5100 .0252 4134 0413 
70 64 1.1 1.7090 0271 4833 .0483 
C; = 0.0242. Cz = 0.0387. 
Sulphuric acid 0.02 normal at 2 A ¢ = 135°C. 
t, = 20; [2], 386 = 177°; A, = 72.9. 
10 163 57.2 1053 .0105 .1809 .0181 
20 152 45.8 .2018 .0109 1365 0136 
30 140 35.1 3174 .0105 1601 .0160 
40 129 26.6 4378 .0109 1601 .0160 
60 109 14.7 .7954 0132 .3518 .0171 
80 90 6.4 1.0565 .0132 4581 .0229 
100 77 3.0 1.3856 0138 4641 .0232 
120 66 1.4 1.7166 .0143 6524 0326 
C; =.0121. C2 = .0199. 


1 As is customary, common logarithms are used in these calculations. 
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TABLE E.— Continued. 
Oxalic acid 0.04 normal at 2 A ¢ = 135° C. 
t, = 20; [a]?°,,, = 180°; A, = 76.5. 
‘ | Ds—D, 
Gio.) | : D 386. | aom *. log As x Ci. | my + my Cy 
| 2 
20 | 157 | 50.7 .1787 .00894 .2970 .0148 
40 | 137 32.5 3718 .00929 .2684 .0134 
60 120 20.9 5636 00939 | .2617 .0138 
80 106 13.3 7598 00949 | — .2653 0137 
100 93 7.6 1.0029 .01003 .3099 .0158 
120 = | a 1.2709 01059 .3423 0171 
140 73 | 2.3 1.5220 .01087 4101 0205 
C, = .00980 Co = .00156. 
Sulphuric acid 0.02 normal at 2 A ¢ = 135°. 
t, = 50; [a]??.,, = 187°; A, = 86.9. 
50 179 75.4 | 0616 | .00123 .0901 .00180 
100 172 6.8 | 1142 | .0o1l4 .0889 .00177 
150 165 59.5 -1645 | .00109 -0829 -00165 
200 159 52.8 .2164 | .00108 .0843 .00168 
250 151 45.1 .2848 00113 .0939 00187 
300 144 38.6 .3524 00117 .0938 .00187 
350 137 32.5 4271 00122 .0983 .00196 
400 131 28.2 -4888 | 00122 -0828 -00185 
C; = .00116. Cz = .00181. 
Acetic acid 0.5 normal at 2 A ¢ = 135°C. 
1, = 50; [a]?.., = 170°; A, = 64.5. 
50 143 54.3 -2356 -00470 | 
100 121 21.4 -4792 -00479 | 
150 103 11.8 -7377 00491 | 
200 86 5.2 1.1936 -00597 -4404 
250 74 2.4 1.4294 00571 i 
C; = .00522. Ce = .00755. 


















ee 
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TABLE E.— Continued. 


Hydrochloric acid 0.01 normal at 1 A ¢= 121°C. 





















































1, = 40; [a]?.4, = 183°; A, = 80.7. 
D,—D 
: Ao 2 1 
(Minutes. [7] P86. ans | SS Cr. m, + ms & 
2 
| j 

40 165 62.5 1110 :00277 | 1837 -00459 
70 158 S17 -1934 -00276 | -1314 -00438 
100 149 42.9 .2744 .00274 | ~—-.1091 .00364 
140 137 32.5 .3950 .00282 .1657 .00414 
180 126 24.6 -5160 -00287 -1637 -00409 
200 120 20.9 .5860 .00293 .0984 .00492 
250 107 13.7 -7702 -00308 2457 00491 

C; = .00285. Ce = .00438. 

Hydrochloric acid 0.01 normal at 2 A ¢ = 135°C. 

t, = 20; [a]... = 176°; A, = 71.6. 
10 162 56.1 -1059 -0106 -1827 0183 
20 148 41.9 -2327 -0116 1758 0176 
40 128 25.8 4433 0111 .2850 0143 
60 110 15.2 -6731 0110 2845 -0142 
80 93 7.6 9741 0127 3530 0172 
100 81 3.8 1.2751 -0127 3782 0184 
120 70 1.8 1.6996 0142 5475 .0294 

C; = .0120. Cz. = .0182. 

Hydrochloric acid 0.01 normal at 3 A ¢ = 145° C. 

t, = 10; [2]? 56 = 174°; A, = 69.2 
5 158 51.7 -1265 .0253 -2076 0425 
10 140 KS -2948 0295 -1855 -0590 
15 125 23.9 4617 .0308 .2242 .0616 
20 110 15.2 -6583 -0329 2677 0658 
30 88 5.8 1.0766 -0359 5353 -0535 
40 74 2.4 1.4599: .0365 5489 .0549 
50 65 2 1.7609 0352 6116 0611 























C; = .0323. Co = .0569. 








10 ;. [a]? 4, = 147°; A, = 41.0. 


TABLE E.— Continued. 


Hydrochloric acid 0.01 normal at 4 A ¢ — 153°C. 
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D,—D 
ime ¢. Ao | 2 1 
(Minetes.) | [2]? 6. | log Ao— x C1. | m, +m C2. 
| | | 2 
5 117 19.1 | 3318 0664 4613 0923 
1 96 8.7 | 6733 0673 4509 0902 
15 79 ae 1.1077 0738 Pos -1072 
20 68 1.6 1.4087 0704 -5580 -1160 
25 61 0.8 1.7097 0684 -6960 -1392 
30 57 0.4 2.0107 0670 8847 1769 
0688. Cz, = .1203. 
Hydrochloric acid 0.04 normal at 3 A4¢= 145°C. 
4, — 5 ) [2]? 596 = 150° ) A, — 43-9. 
3 115 17.8 | 0.3921 -1307 | -5479 -1826 
5 95 8.4 | 0.7182 -1436 | 4329 -2165 
7 80 3.5 1.0984 -1569 | -5017 -2509 
10 66 1.4 | 1.4964 -1496 | 7866 -2622 
13 58 0.5 | 1.9435 1495 | 1.0400 3467 
15 56 0.4 | 2.0404 1360 | -6389 -3195 
| | 
Cy Cy = .2631. 
Hydrochloric acid 0.02 normal at 3 A ¢ = 145° C. 
#86 = 148°; A, = 41.9. 

5 116 0.3550 -0710 | .4961 .0992 
10 96 0.6827 0683 | 4903 .0981 
15 80 1.0781 -0672 | 4937 -0987 
20 69 1.3918 0696 | — .5343 1069 
25 61 1.7291 -0692 | -7003 -1400 
30 56 2.0201 0673 1.1070 .2214 








Cg = .1274. 
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TABLE E.— Concluded. 
Hydrochloric acid 0.01 normal at 3 At = 145° C. 
ti=5; [@]?? 86 = 174°; A, = 60.2. 





| p—p 

Time ¢. Ag Se at 

(Minutes. ) , Ay— . log nae | m, + my 
| 2 





.2076 
2328 
2294 
2677 
.5326 
5489 
6102 




















Hydrochloric acid 0.005 normal at 3 d¢= 145° C. 
= 172°; A, = 66.8. 


t, = 20; [2]? 56 





36. 0.2601 | .00130 3973 
16. 0.6047 | ~.00151 ‘2418 
‘ 1.0087 | .00168 |  .5020 
3. 1.3577 00169 | —.4559 
1 1.6787 .00168 6701 
0 2.0466 .00171 | 7595 














Cz = .02497. 


At the head of each table are given data as to the concentration 
and nature of the acid, the temperature corresponding to the steam 
pressure given in atmospheres, and [a], at the initial time period /, 
with the corresponding value of A,. Time values are expressed in 
minutes, and the constants ¢; for the hydrolysis of dextrin, cg for that 
of maltose, are calculated according to the formulas given above. 

The results show that the constants in general are satisfactory, 
and that, therefore, the reaction like the sucrose inversion follows the 
law of the first order. It will also be seen that the values c, are much 
more uniform than those of c.g, which is to be expected since ¢ is abso- 
lute, and c, only approximate. Deviations of c, may be fairly ascribed 
to variations in temperature, which, though slight, are significant, 
owing to the high temperature coefficient of the reaction. 
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The dextrin values in Table C are consequently correct within the 
limits of error of analysis. It will be seen that the values of cg are 
much more constant in those determinations in which ¢ is larger, and 
the values of [a], decrease slowly. This was to be expected from the 
conditions of the approximate formula given above for the decomposi- 
tion of maltose, these requiring that the amount of substance changed 
in a period of time must be small. The question of reversion may 
possibly have some influence on the values of cg, but as yet we are 
not prepared to express ourselves definitely on this subject. 

The relative effects are shown in the following table. Table I 
shows the influence on the speed of hydrolysis of various acids at the 
same temperature, 135° C. 

Table II shows the influence of temperature on the speed of 
hydrolysis when the same amount of acid is used. 

Table III gives the influence of varying amounts of acid. 

The mean value of constants is given in column II. Column III 
gives the relative value of the constants referred to, that of 4; V 
hydrochloric acid at 135° taken as 100. Column IV gives the veloc- 
ity constants determined by Ostwald! for cane-sugar inversion by the 
same acids at half-normal concentration. 














TABLE I. 

Acid. * Concentration. | Il, | Ill. IV. 
Hydrochloric . .. . 0.02 N 0.0242 100 100 
WUNOTIC... 5 w & % 0.02 N 0.0110 50.0 53.6 
Gene. A un 2 0.04 N 0.00980 40.8 
Weee) ck we (0.02 N) (0.00249) (20.4) 18.6 
Sulphurous . . .. . 0.02 N 0.00126 4.79 
Acetic . . iy Wintec 0.5 N 0.00522 21.5 
as | (0.02 N) 0.00021 0.8 0.4 

| } 














* Loe. cit. 
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TABLE II. 





| Concentration. Temperature. 





| 
Hydrochloric . .. . 0.01 N 121 


Hydrochloric ... . 0.01 N 
Hydrochloric ... . 0.01 N 
Hydrochloric ... . 0.01 N 














TABLE III. 


Sr ate een eee 





Concentration. 


Sancer a 





Hydrochloric. . . . . « 0.04 N 
Hiyarochloric. .....« » 0.02 N 
Hydrociiloric; 2 2 2 6 0.01 N 
Hydrochloric... . . < . 0.005 N 














It is seen that the corresponding numbers of columns III and IV 
agree fairly well. The relative influence of the various acids upon 
the hydrolysis of starch, sucrose, and salicin are, therefore, nearly iden- 
tical. It should be noted, however, that the chemical activity of hydro- 
chloric acid on starch, as in the case of salicin and cane-sugar, in- 
creases in a greater ratio than the concentration, while the electrical 
conductivity increases more slowly. 








Analytical Investigation of Hydrolysis of Starch by Acids. 163 


The influence of temperature can be explained graphically by a 
curve approximating a parabola. (Figure 4.)} 
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*Note that the last plot is accidentally displaced five divisions to the left. 
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Figure 5 shows the influence of the various acids. 
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Figure 6 shows the influence of the concentration, or amount of 
acid used. 
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Figure 7 shows the relative curves due to temperature. 
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THE DETERMINATION OF REDUCING SUGARS IN 
TERMS OF CUPRIC OXIDE} 


By GEORGE DEFREN, M. S. 


Received July 9, 1896. 


It is now approximately fifty years since alkaline metallic solutions 
were first used in determining quantitatively the various reducing 
sugars. During this period of time many investigators have worked 
on the subject, and much has been done towards perfecting the 
method of analysis, so that to-day there are several admirable proc- 
esses in use for the exact estimation of these carbohydrates. 

The quantitative methods of determining reducing sugars may be 
divided into two main classes — those based upon the volumetric plan, 
and those which depend on a gravimetric estimation of the precipi- 
tated cuprous oxide. 

Of the first class, many processes have been suggested which have 
met with more or less success. The volumetric methods are mainly 
used for factory control work, where the progress of some processes 
requires a rapid and fairly accurate idea of the stage of manufacture. 
In expert hands the volumetric methods are capable of giving excel- 
lent and concordant results, and are, therefore, used in the laboratories 
of many consulting chemists, and even in scientific institutions. 

The main objections to the use of the volumetric methods are that 
each freshly prepared quantity of Fehling solution requires accurate 
standardization against pure sugar of the same kind as that which is 
undergoing analysis. Different dilutions and the time of boiling affect 
the results materially. The exact determination of the “end-point” 
also requires considerable practice and skill. 

On the other hand, the Fehling liquor used in the gravimetric 





‘Reprinted from the Journal of the American Chemical Society, 18, No. 9, September, 
1896. 
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processes need not be made up as accurately as is required for volu- 
metric work. The gravimetric methods, however, ordinarily require 
more time. A possible loss of cuprous oxide by filtration and an in- 
complete oxidation to the higher oxide are also potent factors, though 
where the requisite degree of care is exercised these need not cause 
anxiety. The same statement regarding dilution and time of boiling 
holds true with as much force in gravimetric as in volumetric work. 

The gravimetric methods are generally employed for scientific and 
accurate analytical work. Here the processes are comparatively few, 
all depending upon the oxidation of the total sugar present in an ex- 
cess of the alkaline copper solution. 

The tables in use for the determination of reducing sugars are 
mainly constructed in terms of metallic copper. As the amount of 
metal precipitated per gram of carbohydrate is not a constant for all 
dilutions of any sugar, specially constructed tables are generally em- 
ployed. Several such tables have been prepared, as, for instance, 
Allihn’s table of reduced copper for dextrose, Wein’s table for malt- 
ose, and Soxhlet’s table for lactose, etc. 

Various modifications of the alkaline copper solutions are used for 
the determination of the different sugars, each requiring special treat- 
ment. Therefore a chemist in determining the amount of malt sugar 
in, say beer, must, if he uses Wein’s table for maltose, follow exactly 
Wein’s method for the estimation of that sugar. 

Where a variety of work is carried on in a laboratory it is there- 
fore necessary to have several different Fehling solutions on hand for 
each special kind of determination. If all the tables for the estima- 
tion of the different carbohydrates could have been prepared for use 
under uniform conditions, the existing state of affairs would be much 
simplified. 

In order to supply this need, I have constructed such tables, using 
a method which I have employed for some time in determining reduc- 
ing sugars. This method, proposed by O’Sullivan! in 1876, is used 
to some extent in England, but as it seems to be not generally known, 
I here give the procedure in detail: 

To 1§ cc. of the copper sulphate solution, prepared as given below, 
are added 15 cc. of the alkaline tartrate solution, in an Erlenmeyer 
flask having a capacity of from 250-300cc. The mixture is diluted 





*J. Chem. Soc., 2, 130 (1876). 
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with 50 cc. of freshly boiled distilled water and placed in a boiling 
water bath for five minutes. 20 to 25 cc. accurately measured from 
a calibrated burette of an approximately one-half per cent. solution of 
the sugar to be analyzed are then run into the hot Fehling liquor, and 
the whole kept in the boiling water bath for from twelve to fifteen 
minutes. The flask is then removed from the bath, and the precipi- 
tated cuprous oxide is filtered as rapidly as possible, either through 
filter paper or asbestos in a Soxhlet’s tube or porcelain Gooch crucible, 
and washed with boiling distilled water until the wash-water no longer 
reacts alkaline. It is ignited and weighed as cupric oxide, as described 
below. The corresponding amounts of dextrose, maltose, or lactose 
are ascertained by reference to the tables at the end of this article. 
It should be noted that the above directions must be closely followed. 
The volume of the Fehling liquor and the added sugar solution should 
be from 100-105 cc. 

The Fehling solution used is made up according to Soxhlet’s for- 
mula, with a very slight modification. 69.278 grams of pure crystal- 
lized copper sulphate, pulverized and dried between filter paper, are 
dissolved in distilled water. It is advantageous to add I cc. of strong 
sulphuric acid to this, as recommended by Sutton. The whole is then 
made up to one liter with distilled water and kept in a separate bottle. 
The alkaline tartrate solution is made by dissolving 346 grams of crys- 
talline Rochelle salt and 100 grams of sodium hydroxide in distilled 
water and making up to one liter. This is also kept in a separate 
bottle. 

Two methods of filtration of the precipitated cuprous oxide and fur- 
ther treatment are generally adopted. In the first, double “ washed”’ 
filter paper is used; in the other the precipitate is retained by a layer 
of asbestos. After washing the precipitate on the filter paper as 
above described, it is dried in the usual manner and ignited in a pre- 
viously weighed porcelain crucible, taking care to burn the filter paper 
cautiously, heating for fifteen minutes to a red heat, cooling the cru- 
cible over sulphuric acid in a desiccator, and weighing as cupric oxide. 
Additional treatment with nitric acid has been found of no practical 
advantage, the results by direct ignition being very exact, providing 
the filter paper is slowly burned. The chief objection to the employ- 
ment of filter paper to retain the precipitated cuprous oxide is that 





*Sutton: Vol. Anal., fourth edition, 256 (1882). 
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some of the finely divided particles are liable to go through, thus 
causing low results. 

As a substitute for paper, carefully selected asbestos is often used 
for filtering purposes. To insure a layer of asbestos which shall be 
kept at constant weight under the action of hot Fehling liquor, it is 
advantageous to boil the mineral with nitric acid (1.05-1.10 sp. gr.) 
for a short time, washing the acid out with hot water, and then boiling 
with a 25 per cent. solution of sodium hydroxide. This is also washed 
out with hot water. Reboiling with the above reagents as before 
diminishes the liability of leaving any soluble portions. As thus pre- 
pared the filtering material may be kept indefinitely under water in a 
wide-mouthed bottle ready for use. 

The objections of some chemists! to the employment of asbestos, 
on the ground that it loses weight on using, does not seem to hold 
when it is prepared as above. A sample boiled as stated with acid and 
alkali three times lost only two-tenths milligram when two “blanks ”’ 
of hot dilute Fehling solution, as used in the process above described, 
were passed through the mineral in a porcelain Gooch crucible. 

For use, a layer of asbestos, about I cm. in thickness, is placed in 
a porcelain Gooch crucible to retain the finely divided precipitate, 
which is filtered by means of suction in the usual manner. The 
crucible containing the cuprous oxide is then dropped into a trian- 
gular frame made of platinum wire, suspended within an iron radi- 
ator, or shell, heated to redness. This quickly and thoroughly dries 
the asbestos without cracking the crucible. After about five minutes 
the crucible is transferred by means of a pair of nippers to a red-hot 
platinum crucible, and heated for about fifteen minutes. It is then 
quickly transferred to a desiccator near at hand to prevent cracking, 
allowed to cool, and weighed. As cupric oxide is somewhat hygro- 
scopic, it is advantageous to weigh quickly and to keep the balance 
case as dry as possible. Prolonged heating in the iron radiator would 
have changed the cuprous oxide to the cupric state. The advantage 
of transferring the porcelain crucible to a red-hot platinum crucible is 
that the oxidation is quickly completed, as a much higher temperature 
is available. 

If pressed for time, another determination can be made in the 
same crucible without cleaning it. As a rule, it is, however, advisable 





* Killing: Ztschr. angew. Chem., 431 (1894); Praeger: Ztschr. angew. Chem., 520 (1894). 
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to wash out the cupric oxide by means of hot nitric acid (1.05-1.10 
sp. gr.) and then with hot water. The crucible is then heated, cooled, 
and weighed as before. It must necessarily be weighed, because this 
treatment with hot nitric acid dissolves some of the asbestos. 

If preferred, a Soxhlet’s tube may be used to retain the precipi- 
tated cuprous oxide. As a porcelain Gooch crucible possessed obvious 
advantages over this apparatus, I have used it in all my determinations 
with success. 

The cupric reducing powers of dextrose, maltose, and lactose were 
determined by the method given above. A table for invert sugar was 
not constructed, because most invert sugar determinations are made 
by double polarization in a saccharimeter. 


DEXTROSE. 


The “cupric reducing power” of dextrose was first determined. 
This is defined as “the amount of cupric oxide which 100 parts re- 


100 W 


duce.”! This may be represented by , in which W is the 





weight of cupric oxide obtained by the given weight of any sugar, 
and D the weight of cupric oxide formed by an equal weight of dex- 
trose.2, Hence, if the amount of cupric oxide formed by 1 gram of 
dextrose be known, the amount of cupric oxide reduced by 1 gram 
of any other substance, calculated upon this number as a percentage, 
will represent the cupric oxide reducing power of the substance, which 
we denote by the symbol X. 

The amount of cupric oxide has been determined by O’Sullivan® 
to be 2.205 grams per gram dextrose. The factor for dextrose in 
terms of cupric oxide is, therefore, the reciprocal of 2.205 or 0.4535. 
This value, 0.4535, was assumed to be a constant for all amounts of 
dextrose when used with Fehling’s solution in the manner indicated. 
As such, it was a very convenient quantity, it being only necessary to 
obtain the weight of cupric oxide formed by the action of a dextrose 
solution, multiply this by 0.4535, and the amount of dextrose corre- 
sponding was obtained. No tables are needed if this assumption be 
true. Consequently, the determination of dextrose was indeed a very 
simple one. 





*J. Chem. Soc., 2, 130 (1876). 
?J. Chem. Soc., Trans., 606 (1879). 
3 Loc. cit. 
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On an extended investigation of this subject, using various amounts 
of dextrose on the same volume of Fehling liquor in each determina- 
tion, I find that the value of 2.205, above given as representing the 
quantity of cupric oxide obtained by the action of 1 gram of dextrose, 
is not, as was heretofore assumed, a constant for all weights of dextrose 
taken, the amount varying from 2.27 grams cupric oxide per gram 
dextrose for small quantities of sugar to 2.22 grams cupric oxide for 
the largest amount of dextrose permissible. Allihn,! boiling his sugar 
solutions with the Fehling liquor and reducing the cuprous oxide to 
copper, obtained analogous varying results. 

The purity of the dextrose used was first determined, dextrose an- 
hydride being employed. 10.008 grams of anhydrous dextrose were 
dissolved in distilled water, and the solution boiled to prevent biro- 
tation. It was then transferred to a flask, the capacity of which at 
15.5° C. was 100.08 cc., thus giving a solution which contained 0.100 
gram dextrose anhydride per cubic centimeter. 

The specific gravity of the above solution at 15.5° was determined 
in the usual manner by means of a picnometer, with thermometer 
attached. 

Capacity picnometer (at 15.5°) = 55.2055 cc. 
Dextrose solution (at 15.5°) = 57.3083 grams. 

On calculating from these values, we find the specific gravity of a 
dextrose solution containing 10 grams dextrose in 100 cc. to be 1.03809 
at 15.5°. 

The specific rotatory power was determined by the usual method, 
a Schmidt and Haensch saccharimeter being used in polarizing the 
dextrose solution. The polarizations were carried out in a 200 mm. 
tube at 20°. To change from the readings of a saccharimeter to the 
rotary degrees, it is necessary to multiply the reading observed by 
0.344, as shown by Rimbach.? I have verified this value with con- 
cordant results, a Laurent polariscope being used for comparison. 
The rotation of the above solution was 30.7 divisions. This gives by 
means of the usual formula — [a]}§ = = — a specific rotatory power 
of 52.8°, which is in accordance with that obtained by other observ- 
ers.* The dextrose used was consequently pure. 


J. prakt. Chem. (2), 22, 63. 


2 Ber. d. chem. Ges., 27, 2282. 


3 Pribram: Monat. f. Chem., 9, 399; Landolt: Ber. d. chem. Ges., 21, 191. 
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For the determination with Fehling liquor, 25 cc. of the dextrose 
solution at 15.5° were accurately measured from a calibrated burette 
and made up to 500 cc. with distilled water at the same temperature. 
This consequently gave a solution each cubic centimeter of which 
contained 5 mg. dextrose. Various quantities of this were then taken 
to ascertain the cupric reducing power of dextrose. The results in 
detail are given below. In each case the combined volumes of the 
Fehling liquor and the sugar solution were made up to 105 cc., as 
described above. 





Milligrams Cupric oxide Cupric oxide | Dextrose Mean dextrose 














dextrose. obtained. per gram dextrose. equivalent. equivalent. 

124 0.0283 2.264 0.4416 

12 0.0285 2.280 0.4386 0.4401 
25 0.0569 2.276 0.4393 

25 0.0565 2.260 0.4425 t 0.4419 
5 0.1129 2.258 0.4429 

5 0.1123 2.246 0.4452 0 4440 
62h 0.1407 2.251 0.4443 

62} 0.1403 2.245 0.4454 } 0.4449 
75 0.1683 2.244 0.4457 ; 
75 0.1679 2.239 0.4467 f 0.4462 
100 0.2233 2.233 0.4478 
100 0.2227 2.227 0.4489 t 0.4483 
125 0.2776 2.221 0.4503 

125 0.2782 - 2.225 0.4493 

125 0.2770 2.216 0.4512 } 0.4503 
125 0.2774 2.219 0.4506 

125 0.2777 2.222 0.4500) | 

140 0.3105 2.218 0.4508 

140 0.3100 2.215 0.4515 t 0.4511 








The foregoing values of the amounts of cupric oxide per gram 
dextrose are given graphically in curve A, Figure 1, and the dextrose 
equivalents of this in A, Figure 2. 

From this we get the amount of dextrose corresponding to a given 
weight of copper oxide by means of the formula: 


D = (0 4400 + 0.000037 W) W, 


in which D is the amount of dextrose, and W the weight of cupric 
oxide. 








| 
| 
: 
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The dextrose table given in this article is based on this formula, 
the values of W varying from 30 to 320. 


MALTOSE. 


The cupric reducing power of dextrose is given as 100. Using 
this as a basis, the reducing force of maltose, as given by O’Sullivan,! 
is 65. Brown and Heron? place the value somewhat lower, claiming 
that 61 is more exact. The results which I have obtained agree very 
well with this latter number. 

In the case of maltose, as with dextrose, it was found that the 
amount of cupric oxide obtained per gram of sugar was not a con- 
stant. The cupric reducing power of various amounts of maltose 
was, however, found to. be almost exactly a constant when referred to 
the cupric oxide from equal weights of dextrose. That is, calling the 
reducing power of dextrose 100 for different aliquot parts of that 
sugar, the cupric reducing power of maltose referred to this standard 
was always 61. 

The specific gravity of maltose was determined in the usual man- 


ner. 9.7558 grams maltose anhydride were dissolved in distilled water 
to 100.08 cc. at 15.5°. 


Maltose solution at 15.5° = 57.3049 grams. 


On calculating this we find the specific gravity of the above solu- 
tion to be 1.03803. Fora solution containing 10 grams maltose an- 
hydride in 100 cc. it would consequently be 1.03900 at 15.5°. 

The specific rotatory power was determined as usual. The rotation 
of the above solution at 20° in a 200 mm. tube was 77.4 divisions on 
the saccharimeter scale. This gives [a]? = 136.6°. 

As maltose anhydride is somewhat difficult to prepare, the solu- 
tions used to determine the cupric reducing pdéwers were made up to 
approximately 10 per cent. from the maltose hydrate. The specific 
gravity of the solutions was then determined. Subtracting from this 
value 1.00000 — the specific gravity of water —and dividing the re- 


mainder by 0.00390, we get the amount of maltose anhydride in 
100 cc. of solution. 





* Loc. cit. 
*J. Chem. Soc., Trans., 619 (1879). 
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Maltose solution at 15.5° = 57.2511 grams, 
which gives a specific gravity of 1.037054, or 9.501 grams maltose 
anhydride in 100 cc. 
The solution for Fehling determinations was made in the same 
manner as the dextrose solutions above. Each cubic centimeter of 
the diluted maltose solution therefore contained 4.75 mg. maltose 











anhydride. 
= | a | Maton, | ran oo 
23.73 0.0327 1377 0.7263 § 0.7240 
473 O06! 1377 0.7263 0.7253 
71.25 oT 374 0.72784 0.7263 
98.0 0.1300 1309 0.7308 | 0.7297 
118.78 0.1019 1367 0.7336 f 0.7319 
14253 0.1938 1387 0.7360 f 0.7354 
190.0 0.2866 ‘= ped 0.7395 
2378 0.3193 1345 0.7437 f 0.7433 

















The maltose equivalent in terms of copper oxide is shown in B, 
Figure 2. From this we get the amount of maltose corresponding to 
a given weight of cupric oxide by the formula: 

M = (0.7215 + 0.000061 W) W, 
in which J/ is the weight of maltose, and W the amount of cupric 
oxide obtained. It will be seen that these values make the cupric 
reducing power of maltose 0.61 that of dextrose. 


LACTOSE. 

Lactose was investigated in the same manner as the preceding. 
10.008 grams lactose anhydride were dissolved in distilled water, 
boiled, and made up to 100.08 cc. at 15.5°. 

The above solution, polarized in a 200 mm. tube at 20°, gave a 


rotation of 30.7 divisions. This gives the specific rotatory power of 
lactose of 52.8°. 
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The amounts of cupric oxide found by the reduction of known 
weights of lactose were determined as in the previous cases, with the 
following results: 








— por oo yr den | cian, ee 
2 | ome | pe | eget | fae 
| gome | pe | game | san 
= | gue | ye | it | san 
m | om | pe | pee | ome 
a a 
a an 
m | oop |] pe | get | oon 
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The cupric oxide values per gram lactose are presented graphically 
in curve C, Figure 1, while the reciprocals of these quantities are shown 
in C, Figure 2. For this latter the amount of lactose corresponding to 
the weight of cupric oxide obtained is determined by the following : 

L = (0.6270 + 0.000053 W) W, 
in which Z is the lactose, and W the amount of copper oxide. The 
accompanying table for lactose is constructed on this basis. 
* * * * * * * 

It will be seen from the above results that the amount of cupric 
oxide produced by the action of 1 gram of reducing carbohydrate 
on Fehling liquor, in the manner described, is not a constant for all 
dilutions. 

The cupric reducing power of maltose is 0.61 that of dextrose. 

The following tables for the determination of the reducing sugars 
in terms of cupric oxide are based on the analytical results presented 
above, and can be used in the process outlined in the same manner 
as any other table for the same purpose: 
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Parts copper Parts Parts Parts Parts copper | Parts | Parts Parts 
oxide. | dextrose. maltose. lactose. oxide. | dextrose. | maltose. lactose. 
| | 
30 | 13.2 21.7 18.8 89 39.4 64.7 56.2 
31 } 13.7 22.4 19.5 90 39.9 65.5 56.8 
32 14.1 23.1 20.1 91 40.3 66.2 57.4 
33 14.6 23.9 20.7 92 40.8 66.9 58.1 
34 15.0 24.6 21.4 93 41.2 67.7 58.7 
35 15.4 25.3 22.0 94 41.7 68.4 59.3 
360 «| «(15.9 26.1 22.6 95 42.1 69.1 60.0 
37 16.3 26.8 23.3 96 42.5 69.9 60.6 
38 | (16.8 27.5 23.9 97 43.0 70.6 61.2 
39 17.2 28.3 24.5 98 43.4 71.3 61.9 
40 17.6 29.0 25.2 99 43.9 72.1 62.5 
4] 18.1 29.7 25.8 100 44.4 72.8 63.2 
42 18.5 30.5 26.4 101 44.8 (oe 63.8 
43 19.0 31.2 27.1 102 45.3 74.3 64.4 
44 19.4 31.9 27.7 103 45.7 75.0 65.1 
45 19.9 32.7 28.3 104 46.2 4:0 65.7 
46 20.3 33.4 29.0 105 46.6 76.5 66.3 
47 20.7 34.1 29.6 106 47.0 77.2 67.0 
48 21.2 34.8 30.2 107 47.5 77.9 67.6 
49 21.6 35.5 30.8 108 48.0 78.7 68.2 
50 22.1 36.2 31.5 109 48.4 79.4 68.9 
51 22.5 37.0 32.1 110 48.9 80.1 69.5 
52 23.0 37.7 32.7 11] 49.3 80.9 70.1 
ao 23.4 38.4 33.3 112 49.8 81.6 70.8 
54 23.8 39.2 34.0 113 50.2 82.3 71.4 
55 24.2 39.9 34.6 114 50.7 83.1 72.0 
56 24.7 40.5 35.2 115 51.1 83.8 72.7 
57 25.1 41.5 35.9 116 51.6 84.5 73.3 
58 25.5 42.1 36.5 117 52.0 85.2 74.0 
59 26.0 42.8 37.1 118 52.4 85.9 74.6 
60 26.4 43.5 37.8 119 52.9 86.6 75.2 
61 26.9 | 44.3 38.4 120 53.3 87.4 43.9 
62 27.3 | 45.0 39.0 121 53.8 88.1 76.6 
63 27.8 | 45.7 39.7 122 54.2 88.9 77.2 
64 28.2 | 46.5 , 40.3 123 5a@ 89.6 77.9 
65 28.7 47.2 40.9 124 So. 1 90.3 78.5 
66 29.1 | 47.9 41.6 125 55.6 Pal 79.1 
67 29.5 | 48.6 422 126 56.0 91.8 79.8 
68 30.0 | 49.4 42.8 127 56.5 92.5 80.4 
69 30.4 | 50.1 43.5 128 56.9 93.3 81.1 
70 30.9 50.8 44.1 129 51.3 94.0 81.7 
71 31.3 51.6 44.7 130 57.8 94.8 82.4 
72 31.8 52.3 45.4 131 58.2 95.5 83.0 
73 32.2 53.0 46.0 132 58.7 96.2 83.6 
74 32.6 53.8 46.6 133 Sack 97.0 84.2 
] 75 33.1 | 545 | 473 134 596 | 97.7 | 849 
76 33.5 55.2 47.9 135 60.0 98.4 85.5 
77 34.0 56.0 48.5 136 60.5 99.2 86.1 
78 34.4 56.7 49.2 137 60.9 G9 86.8 
79 34.9 57.4 49.8 138 61.3 100.7 87.4 
80 35.4 58.1 50.5 139 61.8 101.4 88.1 
81 35.9 58.9 51.1 140 62.2 102.1 88.7 
» 82 36 3 59.6 51.7 141 62.7 102.8 89.3 
83 36.8 60.3 52.4 142 63.1 103.5 90.0 
84 37.2 61.1 53.0 143 63.6 104.3 90.6 
85 37.7 61.8 53.6 144 64.0 105. 91.3 
86 38.1 62.5 54.3 145 64.5 105.8 91.9 
87 38.5 63.3 bs ey 146 64.9 106.5 92.6 
88 39.0 64.0 55.5 147 65.4 107.2 93.2 
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Parts copper Parts Parts Parts copper Parts Parts | Parts 
oxide. dextrose. maltose. A oxide. dextrose. maltose. lactose, 





148 65.8 108.0 
149 | 66.3 108.7 
150 66.8 109.5 
151 | 67.3 100.2 

5 67.7 111.0 
68.3 aei.7 
68.7 112.4 
69.2 113.2 
69.6 113.9 
70.0 114.7 


92.6 
93.1 

93.5 

94.0 
94.4 
94.9 
95.3 
95.8 


132.1 
132.8 
133.4 
134.1 
134.7 
135.4 
136.0 
136.7 
96.3 137.3 
96.7 | 138.0 
115.4 97.2 | 138.6 
116.1 97.6 139.3 
116.9 ; 98.1 139.9 
117.6 : 98.6 140.6 
118.4 : ; 99.0 141.2 
119.1 ‘ , 99.5 | 141.9 
119.9 : 99.9 142.5 
120.6 ; 100.4 | 143.2 
121.4 ae “ 100.9 | 5 143.8 
122.1 : 101.3 | 144.5 
122.9 : 101.8 | | 145.1 
123.6 * Be 102-2 | | 145.8 
124.4 102.7 | 4 | 146.4 
103.1 147.0 
103.6 | 147.7 
104.0 | | 148.3 
104.5 | 149.0 
105.0 | 
105.4 
105.9 
106.3 
106.8 
107.2 
107.7 
108.1 
108.6 
109.0 
109.5 
109.9 
110.4 
110.9 
111.3 
111.8 
212.3 
132.7 
13 2 
113.7 
114.1 
114.6 
115.0 
115.5 
1160 
116.4 
116.9 
117.3 
117.8 
118.3 
118.7 
119.2 
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Parts copper Parts | Parts Parts Parts copper Parts | Parts | Parts 
oxide. dextrose, maltose. lactose. oxide. dextrose. maltose. lactose. 
| 
266 | 119.6 196.1 170.4 294 132.5 217.4 188.9 
267 120.] 196.9 171.1 295 133.0 218.2 189.5 
268 120.6 197.7 171.7 296 133.4 218.9 190.2 
269 121.0 198.4 172.4 297 133.9 219.7 190.8 
270 |} 121.4 199.2 173.0 298 134.3 220.4 191.5 
271 121.9 199.9 173.7 299 134.8 221.2 192.1 
272 122.4 200.7 174.4 300 135.3 221.9 192.8 
273 122.8 201.5 175.0 301 135.7 222.7 193.4 
274 123.3 202.2 175.7 302 136.2 223.5 194.1 
275 123.7 203.0 176 3 303 136.6 °| 224.2 194.7 
276 124.2 203.7 177.0 304 137.1 | 225.0 195.3 
277 124.6 204.5 177.6 305 137.6 225.8 196.0 
278 | 2.1 205.2 178.3 306 138.0 226.5 196.6 
279 125.6 206.0 178.9 307 138.5 227.3 197.3 
280 126.1 206.8 179.6 308 138.9 228.1 197.9 
281 126.5 207.5 180.2 309 139.4 228.8 198.6 
282 | 127.0 208.3 180.9 310 139.9 229.6 199.3 
283 | 127.4 209.0 181.5 311 140.3 230.4 199.9 
284 127.9 209.8 182.2 312 140.8 231.1 200.6 
285 128.3 210.5 182.9 313 141.2 231.9 201.3 
286 128.8 211.3 183.6 314 141.7 232.7 202.0 
287 | 120.3 212.1 184.2 315 142.2 | 233.4 202.6 
288 129.7 212.8 184.9 316 142.6 | 234.2 203.3 
289 | 130.2 213.6 185.6 317 145. | AD | 26.9 
290 | 130.6 214.3 186.2 318 143.6 | 235.7 | 204.6 
291 | 131.1 215.1 186.9 319 144.0 | 2365 | 205.3 
292 131.5 215.9 187.6 320 144.5 | 237.2 | 205.9 
293 | 132.0 216.6 188.2 | 
| 











SUPPLEMENTARY TABLE FOR GLUCOSE ANALYSIS. 


The amounts of cupric oxide given above are those obtained by the 
use of absolute weights of sugar. The tables are constructed on this 
basis. In the case of a mixed product, like commercial glucose, which 
may be considered made up of the simple bodies dextrin, maltose, and 
dextrose, it is far more convenient to determine the total carbohydrates 
present in solution by means of the specific gravity than by drying the 
glucose, and obtaining in this way the total solids. For this purpose an 
arbitrary value is taken which shall represent the influence of 1 gram 
of a mixture of the three substances above mentioned, on the specific 
gravity if dissolved to 100 cc. in distilled water. Brown and Heron! 
claim that this influence on the specific gravity of I gram starch con- 
version product in 100 cc. is 0.00386. This value has been deter- 
mined to be correct for solutions of cane sugar, and is much used for 
glucose work 





* Loc. cit. 
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As above mentioned, the specific gravity of a dextrose solution 
containing 10 grams dextrose anhydride in 100 cc. is 1.03809 at 15.5°. 
To determine the cupric reducing power of a substance, using the value 
3.86 as a divisor, it therefore becomes necessary to change the figures 
given in the tables to conform to this new factor ; that is, the dextrose 


equivalents must be multiplied by ae which has been done for con- 
I 


venience of reference in the following table: 




















Copper oxide Dextrose Copper oxide Dextrose Copper oxide Dextrose 
ps octhry equivalent. obtained. equivalent. obtained. equivalent. 
$ 0.4461 115 0.4502 225 0.4543 
10 0.4463 120 0.4504 230 0.4545 
15 0.4465 125 0.4506 235 0.4547 
20 0.4467 130 0.4508 240 0.4549 
25 | 0.4468 135 0.4510 245 0.4551 
30 0.4470 140 0.4512 250 0.4553 
35 0.4472 145 0.4513 255 0.4555 
40 0.4474 150 0.4515 260 0.4557 
45 0.4476 155 0.4517 265 0.4558 
50 0.4478 160 0.4519 270 0.4560 
55 0.4480 165 0.4521 275 0.4562 
60 0.4482 170 0.4523 280 0.4564 
65 0.4484 175 0.4525 285 0.4566 
70 0.4485 180 0.4527 290 0.4568 
75 0.4487 185 0.4528 295 0.4570 
80 0.4489 190 0.4530 300 0.4572 
85 0.4491 195 0.4532 305 0.4574 
90 0.4493 200 0.4534 310 0 4576 
95 0.4495 205 0.4536 315 0.4578 
100 0.4497 210 0.4538 320 0.4580 
105 0.4498 215 0.4540 
110 0.4500 220 0.4542 











Thus a solution containing 100 mg. of mixed carbohydrates, using 
the factor 0.00386, if it formed 200 mg. cupric oxide by reduction 
of the Fehling solution in the manner above described, would have 
a cupric reducing power, or Ky.., of 90.68. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
Boston, MAss. 
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MICRO-ORGANISMS AND STERILIZING PROCESSES IN 
THE CANNING INDUSTRY. 


By SAMUEL C. PRESCOTT ano W. LYMAN UNDERWOOD. 


Read October 8, 1896 


THE process of hermetically sealing food materials in jars or cans 
and their subsequent sterilization by heat has become an enormous 
and most important industry. From a sanitary point of view, canned 
foods are of the highest value, because if properly prepared they are 
free from all bacteria. The enormous use of these goods testifies to 
the high regard with which they are held, and sanitarians cannot fail 
to view this fact with satisfaction. 

The magnitude of the canning industry at present may be indicated 
by figures showing the number of cans packed annually, in the United 
States alone, of some of the larger branches. ; 

Sardines, 80,000,000 cans. Corn, 72,000,000 cans. 


Salmon, 96,000,000 cans. Tomatoes, 120,000,000 cans. 
Oysters (in Baltimore alone), 1,250,000 bushels. 


Besides these are packed very extensively, lobsters, clams, meats, 
soups, peas, beans, and fruits. 

It occasionally happens that deterioration and loss of some food 
materials so prepared may result if the sterilization, or as it is known 
to the trade, “processing,” is not conducted in a thorough and scien- 
tific manner. This trouble is not confined to any one class of foods, 
but may be encountered in vegetables, meats, fish, oysters, clams, and 
lobsters, although it is a notable fact that spiced goods usually keep 
indefinitely. 

At the suggestion and under the supervision of Professor Sedg- 
wick we have made a careful experimental study of one branch of the 
industry, viz., the packing of clams and lobsters. 

It is generally believed that the canning industry was originated 
by Nicholas Appert,! a Frenchman, who in 1810 preserved fruit by 





*Appert: Art of Preserving Animal and Vegetable Substance. (London, 1812.) Bige- 
low: Elements of Technology, p. 499. (1831.) Edinburgh Review, 23, p. 104. 
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heating and hermetically sealing in glass jars. Probably the first to 
adopt these methods in America was William Underwood, an English- 
man, who in 1821 began in Boston to preserve foods according to Ap- 
pert’s methods. These methods of Appert were followed until about 
1840, when glass jars were largely displaced by tin cans. This sub- 
stitution, it is believed, originated a year or two before with Charles 
Mitchell, a Scotchman, who packed corn and lobsters in tin cans near 
Eastport, Maine. 

The advent of tin cans caused the first great stride in the business, 
as it opened a large field for work in the preservation of meat, vegeta- 
bles, and fish. Salmon was probably first packed at St. Johns, N. B., 
in 1839, and shipped directly to the Pacific coast, while at present salmon 
packing is confined to the Pacific States. About the same time oysters 
shipped in barrels from Baltimore were packed in Boston. Everything 
in connection with the process was kept as secret as possible, there- 
fore only a few firms were enabled to engage in the business, but 
gradually through employees the process became more public. During 
the war the trade was given a tremendous impetus through the gov- 
ernment’s requiring canned food supplies for the army, and since the 
war the growth of the industry has been constant and steady. 

With the increased demand for canned goods came also the neces- 
sity for better methods. The old method of procedure in packing fish 
was as follows: After packing and sealing, the cans were heated for 
an hour in boiling water, then taken out and “tapped” or vented in 
order to expel air and produce a vacuum, sealed again and boiled for 
an hour and a half, again tapped and sealed and given a final boiling 
of three hours. Thus the total time of heating was five and one-half 
hours, and in many cases even more time was given. 

It was formerly believed that the vacuum was the principal factor 
in keeping the goods, a belief still clung to by many packers. The 
vacuum, although unnecessary for sterilization, is necessary for inspec- 
tion. Before the cans are put on the market each one is thoroughly 
examined to detect any unsoundness, or what is known to the trade 
as “swells.” This examination consists of inspection and sounding 
the cans after “processing,” 7.¢., sterilization. Sound cans should 
show a vacuum, as indicated by concavity of the ends, and should 
emit a peculiar note when struck. On the other hand, unsound cans 
which have not yet swelled give a characteristic dull tone when struck. 
By the difference in the quality of the tones a skilled inspector can 
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instantly distinguish between sound and unsound cans. Any cans not 
showing a vacuum are rejected, the annual loss resulting from this 
source being very large. After inspection the cans are generally put 
) in stacks, and before leaving the packer are again examined. It some- 
times happens, however, that spoiling without swelling occurs. For 
the detection of such cases, special methods must be employed. Such 
cases are sometimes found in canned clams, and more frequently in 
lobster, in the latter case being known to the trade as “black lobster.” 

Since long continued heating tends to disintegrate and darken the 
foods which it is desired to preserve as fresh as possible, it has always 
been the aim of packers to reduce the bath time as much as possible. 
Consequently there has been a gradual shortening of the time of heat- 
ing in the water bath, until at present the average treatment by this 
method is from two and one-half to three hours, divided into two 
periods. 

In 1863 a “chemical bath,” consisting of calcium chloride, was 
introduced to some extent. Owing to the large amount of the salt 
in solution and its consequent high boiling point, a temperature of 
250° F. could be easily obtained. With this temperature the time 
of heating could be greatly lessened, and at the same time steriliza- 
tion was assured. In one form of this process a lozenge of sodium 
sulphite was fastened on the under side of the cover of each can by 
means of fusible metal. The object of this was “to decompose the 
air remaining in the can.’’ This method of procedure was found to 
be impracticable, owing to the frequent explosions of the cans. This 
bath was in use but a short time, being followed by a return to the 
earlier methods. 

The introduction of digesters or “retorts,” about 1870, was the 
next and most recent step in the development of sterilizing apparatus. 
By their use an actual temperature of 250° F. (127° C.) may be easily 
obtained both inside and outside the can; so explosions are avoided. 
The corresponding pressure is fourteen pounds. The only precau- 
tion required is to reduce the temperature and pressure cautiously. 
They have not been accepted as entirely satisfactory, however, on ac- 
count of the darkening of the goods caused by long continued heat- 
ing. It is probable that retorts are now used less than formerly in 
some quarters, through ignorance of their effectiveness, yet it is well 
known that many packers are using them with excellent results. 
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EXAMINATION OF “SWELLED” CANS, AND DESCRIPTIONS OF .THE 
BACTERIA FOuND. 


As has been stated above, all cans before they are put upon the 
market are carefully tested for imperfections, and any showing leak- 
age or swelling are rejected, and the annual loss from these sources is 
very heavy. Our investigations began with a careful examination of 
a large number of cans of spoiled clams and lobsters. The contents 
of such cans were found to be badly decomposed, in some cases almost 
entirely liquefied, much darkened in color, and of a very disagreeable 
odor. Bacterial examination showed that in every case where spoiling 
had occurred, living bacteria were present in great numbers. In sound 
cans, on the other hand, no living bacteria could be detected, and the 
contents proved to be sterile. As would be supposed in the present 
state of bacteriology, there is no reason to doubt that swelling and 
decomposition are invariably the result of bacterial action. In some 
cases a can contained a culture apparently pure, while other cans 
might contain a mixture of several species. 

The ordinary bacteriological methods, with some modifications, 
served for the separation of these organisms into distinct species, 
and made possible their cultivation in pure cultures in artificial media. 
Of the nine species of bacteria obtained, two are micrococci, while 
the other seven are classed among the bacilli. All of them are 
noticeably rapid in their development in an incubator at blood heat 
(98° F., 373° C.) both in liquid and on solid media, while they grow 
slowly at a temperature of 70° F. (20° C.). They may be readily stained 
by the usual staining reagents. In several of the forms endospore 
formation has been observed, and these forms are likewise noticeable 
for the rapidity with which such sporulation occurs. The following 
detailed descriptions will show some of the characteristics of these 
species : 






































Fic. 1.- BacItLus No. 1. 
X 650. 





Fic. 2. BactLtus No. 1, SPORES. 
X 650. 
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BACILLUS NO. 1. (Figures 1 and 2.) 





GENERAL 


CHARACTERS. 


Shape and arrangement: Long rods with rounded ends occurring singly, 
and in chains of varying lengths. Often shows a gelatinous sheath 
when grown in liquid culture. 

Size: 4-7 WX 1.5 pf. 

Motility: Moves with serpentine motion. 

Spore formation: Large oval centrally located spores. Develop with ease. 

Relation to temperature: Grows at both 20° and 374°, but better at the lat- 
ter temperature. 

Relation to air: A€érobe and facultative anaérobe. 

Relation to gelatin: Liquefies readily. 

Color: Creamy white. 





GELATIN. 





Stick culture: Growth extends throughout line of puncture. The gelatin 
is liquefied, forming a broad trumpet-shaped liquid portion, at the bot- 
tom of which is a small amount of flocculent precipitate. Film formed 
on surface, which breaks up and settles, leaving a layer of clear liquid 
at top. Entirely liquid after three weeks. 

Plate culture: 

Surface colonies: First appear as small white dots. Liquefaction sets in 
at once, first appearing as a clear ring of liquid gelatin surrounding the 
colony. Under low power there is seen a dark granular center, and an 
outer ring of paler threads interwoven and forming a thin, irregularly 
circular zone. Flocculent ppt. at bottom of the saucer-shaped depres- 
sion caused by each colony. 





AGAR. 


Streak culture: A moist, creamy white, smooth, shiny growth covering 
nearly the whole surface of the agar. 
“ frosty.” 

Plate culture: 

Surface colonies: First develop as circular shiny colonies with sharp out- 
line. An irregular film is soon formed which extends out on all sides, 
giving an irregular, somewhat branched appearance; dot at center, and 
faint concentric rings. Submerged colonies small, oval or spherical. 


Edges appear granular or 





POTATO. 


A gray slimy growth, extending over large part of the surface. This later 
becomes cheesy and rough on surface. Potato darkened. 





MILK. 


Is coagulated, and later the coagulum is dissolved. Acidity, neutral. 





SMITH 
SOLUTION. 





NITRATE. 


No gas produced. Heavy sediment. sur- 


face. Strongly acid. 


Much turbidity, and film on 





Is reduced to nitrite but slightly. 





BovuILLon. 





Film on surface. Turbid. Heavy sediment of a flaky nature. 
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BACILLUS No. 2. 





GENERAL 


CHARACTERS. 


Shape and arrangement: Short rods, occurring singly and in chains of 
3-6 elements. 

Size: 1.5-1.8 u x Ou. 

Motility : Motile. 

Spore formation: Not observed. 

Relation to temperature: Develops rapidly at 37}°C., more slowly at 20°. 

Relation to air: Aérobe and facultative anaérobe. 

Relation to gelatin: Does not liquefy. 

Color: Pale yellow. 








GELATIN. 


Stick culture: No growth visible until after second day. On fifth day 
hazy growth is shown all along the line of inoculation. Mass of small 
rounded colonies on surface. 

Plate culture: 

Surface colonies: First appear as circular shining droplets almost trans- 
parent. After two weeks colonies are }// in diameter, elevated, rough, 
with a dot at center, and irregularly concentric rings. Edge of colony 
crenated or roughly scalloped. Submerged colonies, small, circular 
and brownish in color. 





AGAR. 


Streak culture: On second day surface is covered with a thin, rough, pale 
yellow, shiny layer. 

Plate culture: 

Surface colonies: Circular grayish white colonies somewhat elevated, and 
sometimes slightly scalloped at edges. Surface rather dull. Dot at 
center under microscope appears to be shaped like red blood corpuscles, 
thinner at center than at rim. 

Sub. colonies: Very small, circular or oval. 





POTATO. 





Growth for several days almost invisible. Later a scanty, moist, pale yel- 
low growth, following closely the line of inoculation. 





MILK. 


Is coagulated, forming a solid mass. Strongly acid. 





SMITH 
SOLUTION. 


No gas produced. Turbid throughout. Film on surface. Strongly acid. 
Considerable sediment. 





NITRATE. 


Is reduced to nitrite with rapidity. 





BOvUILLON. 








Faintly turbid on second day. Solution becomes turbid throughout. Film 
on surface, and heavy flocculent precipitate. 
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BACILLUS NO. 3. 





GENERAL 
CHARACTERS. 


| 


Shape and arrangement: Stout rods with rounded ends occurring singly 
and in chains. 


Size: 2-3 X 1.75 ph. 

Motility : Motion serpentine and rapid. 

Spore formation :; Oval, centrally located spores 1.8 x 1.2 4. 
Relation to temperature: Growth rapid at 374°; slower at 20°. 
Relation to air: Aérobe and facultative anaérobe. 

Relation to gelatin: Liquefies. 

Color : White. 





Stick culture : Development throughout entire length. Liquefies in trum- 
pet shape. Thick film on surface, and heavy flocculent precipitate. 
Plate culture: 




















— Surface colonies. Nearly circular with dot at center, concentric rings. 
. | Liquefaction commences at once, and a veil-like mass collects at the 
| bottom of the liquefied portion. Under low power the edges of the 
| colonies appear to be made of bacterial filaments which extend from 
| the central mass. Submerged colonies very small and spherical. 
| 
Streak culture: A white, moist, wrinkled growth extending over the whole 
surface. 
AGAR. Plate culture: Granular, moist, shiny colonies, dark at center, irregular in 
outline; edges thick and rough. Tendency to spread. 
Dirty white, moist layer spreading over the whole surface. Potato much 
POTATO. darkened. 
MILK. | Is coagulated; coagulum later dissolved. 
SMITH | No gas produced. Heavy film on surface and much sediment. Strongly 
SOLUTION. | acid. 
| 
NITRATE. | Not reduced. Film on surface. 


| 





30UILLON. 


Growth at surface, then a clear layer below, and at bottom a heavy floccu- 
lent precipitate. 











a 
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GENERAL 
CHARACTERS, 


GELATIN. 


AGAR. 


POTATO. 


MILK. 


SMITH 
SOLUTION. 


NIrRATE 





BACILLUS NO. 4. 





Shape and arrangement: Rods with rounded ends, occurring singly or in 
long threads arranged side by side. 

Size: 3-6 x 1p 

Motility : Very motile; darting motion. 

Spore formation: Oval centrally located spores 2 // x I u are readily formed. 

Relation to temperature: Develop rapidly at 374°C., but slowly at 20°. 

Relation to air: Aérobe and facultative anaérobe. 

Relation to gelatin: Liquefies readily. 

Color ; Pale brownish or grayish. 





Stick culture: Development quite rapid. Liquefies, giving a liquefied por. 
tion having shape of an inverted cone. Film on surface, and flocculent 
material in suspension, 

Plate culture: 

Surface colonies: Small circular white liquefying colonies; under low 
power appear irregularly circular, sharply defined and granular. A ring 
of liquefied gelatin surrounds each colony almost as soon as the colo- 
nies are visible. 

Submerged colonies very small; spherical. 





Streak culture: Smooth, white, thin layer of dull luster extending all over 
surface of the agar. 

Plate culture: 

Surface colonies: Yellowish white colonies varying in size from small dots 
to }/’in diameter. Nearly circular, dot at center and concentric rings. 
Submerged colonies: Irregular in shape; very small. 





A white pasty, scanty growth at first develops. This later spreads over 
the whole surface, forming a dry, much wrinkled brown layer. 





Casein coagulated ; coagulum dissolved almost completely. Alkaline. 





No gas produced. Slightly turbid, heavy sediment. Growth at surface, 
neutral reaction. 





Is reduced to nitrite vigorously. 





BOUILLLON. 


Turbid throughout; stringy; tough film on surface, and heavy precipitate 
in lower third of tube. 
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BACILLUS NO. 5. 








Shape and arrangement: Bacilli with rounded ends, occurring singly and 
in chains, 

Size: 3-5 « long x 1.2-1.5 « broad. 

Motility : Motion serpentine. 


























GENERAL Spore formation: Not observed. 
CHARACTERS. | Relation to temperature: Rapid development at 374°C., slow at 20°. 

Relation to air: Aérobe and facultative anaérobe. 

Relation to gelatin: Liquefies rapidly. 

Color: White. 

Stick culture: Growth throughout whole line of inoculation. Liquefac- 
tion sets in about third day, forming a trumpet-shaped liquefied portion. 
Film on surface, and flocculent precipitate at lower part of liquefied 
portion. 

Plate culture: 

GELATIN. Surface colonies: White circular colonies which begin to liquefy as soon 
as they are of the size of a pin head, and form depressions or cavities 
in the gelatin. Under low power they appear to be made up of long 
interlacing threads which extend from the edge in hair-like processes. 
Submerged colonies, small, brown, and granular. 

Streak culture: A pasty thick white growth, rapidly spreading over the 
whole surface. 
AGAR. Plate culture: 
Surface colonies: Thin spreading colonies often coarsely branched; rather 
large, granular, and dull in luster. 
Watery, white growth, later becoming dry and about the same color as the 
POTATO. potato, and extending over a large portion of the surface. 
MILK. Is coagulated, and coagulum dissolved. Acidity, neutral. 
SMITH No gas produced. Turbid throughout. Film on surface. Much sediment. 

SOLUTION. Strongly acid. 

NITRATE. Is reduced to nitrite. 

BOUILLON. 








Film on surface which breaks up, forming a heavy flaky sediment. 
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BACILLUS NO. 6. 





GENERAL 
CHARACTERS. 


Shape and arrangement: Bacilli, occurring singly and in short chains. 
Size? 15-1 X 3.5 

Motility: Motile. 

Spore formation: Not observed. 

Relation to temperature : Grows readily at 374° C., less rapidly at 20° C. 
Relation to air: Aérobe and facultative anaérobe. 

Relation to gelatin: Liquefies rapidly. 

Color: Yellow. 





GELATIN. 


Stick culture: Development begins at surface. Liquefaction quickly sets 
in, and a trumpet-shaped liquefied portion is formed. 

Plate culture: 

Surface colonies: Yellow, circular, shiny colonies, bluish by transmitted 
light. Plate is entirely liquefied on fourth or fifth day. The colonies 
float in the liquefied gelatin, appearing as small yellow spheres. 





AGAR. 


Streak culture: A thick, lustrous, moist layer covering the whole surface. 
Pale orange yellow in color. 

Plate culture: Small dome-shaped surface colonies with sharply defined 
edges. Yellow. Submerged colonies, very small brownish spheres. 





POTATO. 


Growth at first thin and watery, and pale yellow in color, later becoming 
orange yellow, and spreads over the whole surface. Potato is darkened. 





MILK. 


Is coagulated. Yellow at surface. Coagulum is later dissolved. Neutral. 





SMITH 
SOLUTION. 





No gas produced. Solution turbid throughout. Yellow sediment and 
yellow growth at surface. 





NITRATE. | 


Not reduced. Turbid. 





BOUILLON. | 


Very turbid. Heavy, pale yellow sediment. 















































Fic. 3. BaciLtius No. 7. 


FIG. 4. 


Fic. 


5- 


X 650. 





BACILLUS No. 7, SPORES. 
X 650. 





Micrococcus No. tf. 
X 650. 
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BACILLUS NO. 7. (Figures 3 and 4.) 





Shape and arrangement: Long slender bacilli with rounded ends, gener- 
ally occurring singly. 

Size: 3-1OMX 1.5 ph. 

Motility: Motile. 





























GENERAL Spore formation: Forms drumstick-shaped spores. 
CHARACTERS. Relation to temperature: Develops rapidly at 374°, slowly at 20°. 
Relation to air: Anaérobe and facultative aérobe. 
Relation to gelatin: Non-liquefying. 
Color : Yellowish white. i 
Stick culture: Development is very slight, and growth takes place slowly. 
Plate culture: 
GELATIN. Surface colonies: Small, circular, whitish colonies, regular in outline, and 
sharply defined. Submerged colonies appear as small spherical dots. 
Streak culture: Smooth, lustrous layer covering the whole surface of the 
agar. on ae 
AGAR. Plate culture: Smooth, circular, rather small white colonies. Outline 
sharply defined. No characteristic markings. Submerged colonies 
small, spherical, or oval dots. 
PoTATo. Development very slow and slight. Lumpy growth after several days. 
MILK. Not coagulated. Acidity, neutral. 
SMITH a 3 ‘ 
Sonate No gas produced. Slightly turbid. 
NITRATE. Not reduced to nitrite. 
BOvILLON. Turbid throughout. Film on surface and sediment. 
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MICROCOCCUS NO. 1. (Figure 5.) 





GENERAL 


CHARACTERS. 


Shape and arrangement: Cocci; generally in pairs. 

Size: 1 «in diameter. 

Motility : Motile; in pairs, sometimes rotation about center. 
Spore formation: Not observed. 

Relation to temperature: Rapid development at 374°. Slow at 20° 
Relation to air : Aérobe and facultative anaérobe. 

Relation to gelatin: Non-liquefying. 

Color: Yellow. 





GELATIN. 


Stick culture: Growth first appears at surface. Below surface develop- 
ment is very slow. Yellow growth at surface. 

Plate culture: 

Surface colonies: Circular with sharply defined edges and yellow color. 
Under microscope show granular appearance and a deep color at center, 
surrounded by a paler ring. 

Submerged colonies show no clear markings, but appear as very small 
spherical dots. 





Streak culture: Smooth, lustrous yellow layer covering much of the 
surface. 

Plate culture: Small, shiny, pale yellow circular colonies, dome-shaped, 
and smooth in appearance. Submerged colonies generally oval and 
brownish. 





POTATO. 


Development slight, a moist, lumpy growth appearing after several days. 





MILK. 


Not coagulated. Acidity, neutral. 





SMITH 
SOLUTION. 


No gas produced. Slight turbidity. Alkaline reaction. 





NITRATE. 





Not reduced to nitrite. 





BOUILLON. 


Turbid throughout; film on surface. Considerable sediment. 
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MICROCOCCUS NO. 2. 





GENERAL 
CHARACTERS. 


Shape and arrangement: Cocci; occurring sometimes singly, often in 
groups. 

Size: About .9.“ in diameter. 

Motility : Non-motile. 

Spore formation: Not observed. 

Relation to temperature: Develops quickly at 374° C., more slowly at 20°. 

Relation to air: Aérobe and facultative anaérobe. 

Relation to gelatin: Liquefies slowly. 

Color: Yellow. 





GELATIN. 


Stick culture: Development chiefly at surface. A yellow film is formed 
and liquefaction takes place, a cup-shaped depression resulting. 

Plate culture: Small, circular or somewhat irregular colonies, which 
under low power appear granular; yellow at center, shading into 
white at the clearly marked edges. They appear bluish by trans- 
mitted light. Submerged colonies, spherical or oval, and brownish 
in color. 





AGAR. 


Streak culture: Bright yellow, thick, sticky growth, branching and ex- 
tending over the whole surface. 

Plate culture: Pale yellow, raised, circular, shiny, smooth colonies, gen- 
erally very small. Submerged colonies, pale, oval, or spherical. 





POTATO. 





Thin, branching, spreading growth of citron yellow, covering much of the 
surface of the potato. Later, becomes dry, ridged, and roughened. 





MILK. 


Not coagulated. Neutral reaction. 





SMITH 
SOLUTION. 


No gas produced. Slight amount of sediment and some turbidity. Alka- 
line reaction. 





NITRATE. 





Not reduced to nitrite. 





BouILLon. 





Very turbid throughout. Sediment heavy and viscous. 
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It is not to be inferred that these include all the species of bac- 
teria which occur in swelled cans even of clams and lobsters. Of those 
which produce the spoiling of fruits and vegetables, we have as yet 
slight knowledge.} 


INOCULATION EXPERIMENTS. 


If the organisms isolated from decomposing material are the agents 
by means of which the decomposition is effected, it should be possible 
to reproduce this spoiling at will by inoculation of sterile material with 
cultures of the organisms in question, external conditions being the 
same in both cases. To determine this point experimentally, sterile 
cans have been seeded with pure cultures of bacteria obtained from 
spoiled cans. 

For these experiments cans were tested by incubation at blood 
heat until it was demonstrated beyond doubt that no swelling would 
result. The outside of these cans was then sterilized either by pass- 
ing through a flame or by washing in mercuric chloride. A small 
hole was then made in the top of the can with a hot awl, the can 
either being held directly in the flame of a Bunsen burner or the 
operation being carried on in a previously sterilized glass chamber. 
The bacteria were introduced by means of a platinum needle, and the 
strictest precautions against contamination were observed. As soon 
as inoculated the cans were sealed with solder, and, after shaking, were 
replaced in an incubator at a temperature of 373°C. (98° F.). A num- 
ber of similar cans were similarly treated in every way, except that no 
germs were introduced, the object of this treatment being to show 
that puncturing the can, thus allowing air to enter, will not cause 
spoiling if the operation is carried on with due precautions. To illus- 
trate these points more fully a few results are here given: 





> 


?A bacterial study of the spoiling of corn, known to the trade as “sour corn,” has 
already been begun, and a number of experiments are now in progress. 
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No. of cans. Treatment. Incubated. Results. 
7 Punched, but not seeded. 374° C. All kept perfectly. 
5 Punched, not seeded. 374 All kept perfectly. 
5 Punched, not inoculated. 374 All kept perfectly. 
16 Inoculated. 374 14 spoiled. 
3 Inoculated. 374 All spoiled. 
12 Inoculated. 374 7 spoiled. 
5 Inoculated. 374 All spoiled. 














The results, as shown above, prove that spoiling is due to the 
action of the living bacteria in the cans. Moreover, the cans in which 
spoiling was thus brought about showed, when opened, the black- 
ening and liquefaction characteristic of the original spoiled cans, thus 
proving that the bacteria isolated were the specific causes of spoiling. 

An investigation was next made of the efficiency of the ordinary 
water-bath treatment. Sterile cans were seeded, as above described, 
with germs derived from spoiled cans. After seeding, however, they 
were subjected to heat in the water bath exactly as is done on a 
commercial scale, for a length of time varying from two and one- 
half to four hours. This time was divided into two periods, the cans 
being tapped between the two heatings. As will be shown by the 
following figures, quite a large percentage of the cans treated in this 
manner spoiled : 














No. of cans. Time of heating. (Hours.) Incubated. Results. 
7 1+1+1 374° C. All spoiled. 
8 1+ 14 374 All spoiled. 
7 1+1+1 20 All spoiled. 
8 1+ 1} 20 All spoiled. 
16 4$+4+3 374 14 spoiled. 
8 1k + 14 374 All spoiled. 
3 14+ 14 374 All spoiled. 
3 1+ 14 374 2 spoiled. 
63 58 
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From these figures it is seen that 92 per cent. of the cans spoiled, 
a far greater percentage of loss than occurs in practice. This is to 
be accounted for chiefly by the fact that in these cans have been 
planted thousands of bacteria of species which have withstood this 
temperature in the original spoiled cans, while in the ordinary packing 
the admission of these bacteria is a matter of chance. Moreover, the 
temperature at which these cans are incubated appears to be specially 
advantageous for the rapid development of those organisms which have 
not been killed by the heat, so the test is unusually severe. It should 
be distinctly understood that these results do not necessarily signify 
that a large percentage of the cans receiving water-bath treatment 
on a commercial scale should spoil if allowed to stand at blood heat, 
but are valuable because of the practical demonstration that this proc- 
ess is insufficient when such bacteria are present, and is unsafe at 
all times because of the possibility of such infection. 

Bacteriological examination of cans which have spoiled, as described 
above, has shown in all cases the presence of living germs like those 
of the species originally put into the cans. Thus, for example, cans 
inoculated with a culture of a large bacillus have been found to con- 
tain pure cultures of a large bacillus corresponding in every way to 
the one originally inoculated into the can. 


STERILIZATION, OR ‘ PROCESSING” EXPERIMENTS. 


Our experiments carried on to determine the comparative efficiency 
of the “dry retort’! and the water bath as agencies of sterilization 
have, without exception, shown the very great superiority of the former. 
As indicated above, “ processing” in the water bath for two and one- 
half hours does not always produce complete sterilization. On the 
other hand, there is no reason to doubt the efficiency of the retort 
if it is properly used. Of over one hundred cans heated in the 
retort, but otherwise subjected to the same treatment as the water- 
bathed cans, not one has swelled or shown any evidence of spoiling 
even under the severe test of standing in the incubator for a month. 

In addition to the water-bath experiments above described, a few 





*The term “retort” is a commercial one, and is open to objection, yet no more so than 


the term “autoclave,” which is used so much in bacteriology, and is applied to the same 
instrument. 
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tests have been made to show the effect of continuous boiling for 
various lengths of time upon the bacteria or their spores. Cans 
inoculated with these bacteria have been subjected to continuous 
boiling for periods of four, five, six, seven, and eight hours. In 
these experiments, mixtures of the bacteria were taken for the in- 
oculating material. 





No. of cans. Time of boiling. (Hours.) Results. 





to 
+ 


Both spoiled in 48 hours. 


a 


" ss 2 spoiled in 48 hours. 
Es | 7 1 spoiled in 64 hours. 
2 6 2 spoiled in 48 hours. 
’ | ; | 1 spoiled in 64 hours. 
3 | | | 2 spoiled in 48 hours. 
4 6 | All spoiled. 
4 7 | All spoiled. 
4 8 | All spoiled. 





These results indicate that the organisms here dealt with have 
very great resistance to heat —a fact of great interest when taken in 
connection with the readiness with which spore formation occurs. 

For practical as well as for scientific purposes it is obviously 
important to determine with accuracy minimal periods of retorting 
required in the various branches of the industry. We have experi- 
mented in this direction with highly satisfactory results, and have 
found it possible to preserve clams and lobsters with ease, and in 
a more perfect condition, with absolute certainty, with much briefer 
processing period than is ordinarily used, the only essential being 
the proper control of the temperature. An account of our numerous 
experiments in this direction is reserved for a second paper. 
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